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ABSTRACT 
Human factors considerations are often overlooked in 
the selection of electronic computer displays. When cost 
is used as the only determining factor, the resulting 
product may not be commercially successful because of an 
inadequate display. 
To help avoid this situation, designers and users 
should be aware of the various factors involved in proper 
display selection. These factors were developed by a syn-
thesis of existing scientific and industrial literature on 
the subject and are explained in this paper. 
The first factor is a basic knowledge of the structure, 
characteristics, and function of the human visual system. 
The theory of sight, anatomy of the eye, visual perception, 
and photometric and nonphotometric parameters are covered. 
The human factors elements of visual response comprise the 
second factor. The adverse effects of display use as well 
as ergonomic standards, fonts, color, modes, and the use of 
status indicators are discussed. The last factor concerns 
displays. The various available and projected technologies 
along with comparisons, and applications are presented. 
Display evaluation criteria are listed to provide guide-
lines for proper selection. 
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PREFACE 
Experience in industry has shown that sometimes a 
display is picked without proper concern for the visual 
limitations of the operator. In some cases products have 
failed to sell because their displays were inadequate. 
Display cost is an important consideration in the design 
process, but it should be balanced against customer satis-
faction with the product. 
Computer and data terminals can be installed in widely 
different environments. These units are sometimes located 
in offices where conditions are benign and at other times 
they are placed in uncontrolled environments, such as out-
doors, where there can be wide variations in temperature, 
humidity, and lighting. Under all conditions that apply to 
a particular application, the display must be readable and 
appropriate to the task. 
For example, if a display provides only one line of 
text, it would be inappropriate in an application that 
requ~res a long menu. It would also be wrong to use a dis-
play that is unreadable in bright sunlight if it was to be 
installed in an outdoor terminal. 
This report will explore the characteristics of the 
visual system and special attention will be paid to the 
human factors aspects of display design. The report will 
iv 
also detail the range of available display types along with 
a peek into expected technology advances. The objective is 
to provide a comprehensive set of attributes to aid in the 
selection of the proper display. 
It is important to remember that the display is the 
only practical man/machine communications interface. To be 
productive that interface must fit the characteristics of 
the user and his work environment. 
V 
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INTRODUCTION 
Computer and data terminals sometimes have problems 
in the marketplace: they do not sell. In many cases, one 
of the reasons given by potential customers is the unsuit-
ability of the visual display. It is even possible that a 
customer will have a terminal pulled out after installation 
because of display deficiencies. 
What can go wrong? The display can work well techni-
cally. The display price may allow the terminal to be sold 
below its competition. Anyone can read the display: if he 
holds his head just right, if he stands at the right dis-
tance, if it is not too dark or too bright around it, etc. 
Too many of these "ifs" and the designer will be asking the 
user to conform to the display's characteristics. In other 
words, if the display does not meet the user's needs, the 
man/machine interface breaks down. That is why it can 
fail. 
The goal of this paper is to help terminal designers 
and users understand the entire range of display require-
ments. This will help designers to select the most user-
compatible display technology for incorporation into their 
terminals. It will also assist users in selecting products 
that best suit their application and environment. Of 
course, cost and performance must be taken into account, 
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but human factors compatibility considerations need to also 
be examined. 
This paper is divided into three major sections: 
VISION, HUMAN FACTORS, and DISPLAYS. To help achieve the 
goal of complete understanding, some questions in each of 
these areas must be addressed. 
In the area of vision, these are some of the questions 
that could be asked: 
• What is the vision process? 
• How does the human vision system work? 
• What are the vision factors? 
• How are these factors measured? 
These are some human factors questions that may arise: 
• What is human factors? 
• How does it affect the vision system? 
• What disturbs the vision system? 
• What are the display safety concerns? 
• Are there any display standards? 
• What display aspects are considered? 
Displays are a part of everyday modern life. If he is 
to do a good job of integrating displays into the workplace, 
the terminal designer and user should be asking for answers 
to the following questions: 
• What is a visual display? 
• How are displays classified? 
• What display technologies are now available? 
• How do they work? 
• What are their characteristics? 
• What are their advantages and disadvantages? 
• How should displays be evaluated? 
This paper will attempt to fully answer as many of 
these and other related questions as possible. The termi-
nal designer must take all factors into consideration 
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before a display selection is made. A special emphasis on 
the user must be given if the display is to have any chance 
of success. Even after a real effort has been made in this 
direction, a terminal product cannot be guaranteed market 
acceptance, but one barrier will have been removed and that 
is the reason that this paper was written. 
VISION 
What does it mean to see? It is a question that even 
the ancient Greeks could not answer properly. 
tried to define it this way: 
Cornsweet 
"An observer will be said to see a property of the 
external world if it can be demonstrated that he 
is assimilating the information that the property 
is present, through the interaction between his 
anatomy and the light carrying that information." 
(1970, p. 28) 
In ordinary terms he means that we can see something if the 
light from that object enters our eyes and gives us a true 
picture of it in our mind. 
The historical view of vision has been cloudy. Before 
the end of the Middle Ages, some observers thought that 
light emanated from the eyes. By the 19th century the 
original "lighted eyeball" theory had long since been ex-
tinguished. In the era of the newly invented science of 
photography, it was believed that the image on the retina 
was a fairly exact replica of what was seen. Until this 
century the "camera" theory of vision was the majority 
view. It is still not a bad analogy today, but some im-
portant refinements have been made. 
In a way, vision is an illusion because it is not as 
straightforward as we might like it to be. There are three 
recognized facets to vision: the scene, the retinal image, 
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and the visual impression. There is not always a one-to-
one relationship to each aspect (Mueller 1966). 
If there have been many words used in the preceding 
text that have their roots in areas directly related to 
vision, it is because sight has been said to be our most 
important sense (Edholm 1967). It dominates the other 
senses (Singleton 1972) and according to Oborne: 
"Of all the senses, vision has been the most 
thoroughly studied. It is also, perhaps, the 
system which is most overloaded at work.'' (1982, 
p. 17) 
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Even though vision has been well researched, there is 
much that is still unknown. Most people take their vision 
for granted. In this modern world people really put their 
eyes to the grindstone, so to speak. To some extent the 
increased use of corrective lenses may be related to the 
demands placed on the visual system. The conditions which 
best suit the abilities of the eyes must be understood. In 
this way the displays that are incorporated into data 
terminals will ease the strain on the visual system instead 
of increasing it. 
Light 
To understand vision one should first understand that 
aspect of nature that permits people to see: light! rrhe 
Nomenclature Committee of the Illuminating Engineering 
Society (IES) has defined light as "radiant energy that is 
capable of exciting the retina (of the eye) and producing a 
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visual sensation." (McCormick 1987, p. 389) Light is then 
"basically psychophysical in nature rather than purely 
physical or purely psychological." (McCormick 1987, p. 390) 
The term "psychophysics" is used quite extensively in the 
study of the human factors associated with vision. 
The visible spectrum, as shown in Figure 1, is con-
fined to a very narrow slice of the radiant energy pie. 
This is not a bad situation. The eyes work well in this 
narrow band of colors. After all, one may not wish to 
"see" in the radio frequency band if he knew that his eyes 
would have to be bigger than beach balls to do it. Never-
theless, the visual range extends from the lower frequency 
reds, with a wavelength of around 700 to 780 nanometers, 
through the yellows, greens, blues and up to the higher 
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The Electromagnetic Spectrum Showing the Visible 
Wavelengths. (Bailey, 1982, p. 55) 
frequency violets, with a wavelength of around 380 to 400 
nanometers (Bailey 1982; Singleton 1972). 
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The eye is one of the more complex organs of the human 
anatomy. All the individual parts work together to produce 
sight. As seen in Figure 2, the eye is a spherical body, 
with a lens system in front and a receptor system to the 
rear (Hopkinson 1969). 
tion: 
Each part has the following func-
Cornea - the transparent "window" of the eye. 
Aqueous humor - the clear fluid just behind the 
cornea. 
Pupil - the circular, variable aperture whose size 
depends on the ambient light level. 
Iris - a - thin colored sheath of muscle tissue that 
extends to limit the amount of light entering the 
eye. 
Lens - a clear, flexible refracting body that 
changes shape to properly focus light from objects 
of varying distance from the eye. 
Ciliary muscle - the ring of· muscle that adjusts 
the shape of the lens. 
Vitreous humor a clear gelatinous substance that 
fills the area behind the lens. 
Sclera - the hard outermost tissue that maintains 
the shape of the eyeball. 
Choroid - the network of blood vessels and dark 
tissue that comprises the uvea. This middle layer 
provides nourishment to the inner eye and is dark 
in color to reduce internal reflections. 
Retina the innermost covering of the eye that 
serves as the receptor system. It is anatomically 
A: 
B: 
C: 
D: 
E: 
an extension of the brain. It is composed of a 
network of nerve cells and connections. The light 
sensing elements are called the rods and the 
cones. The rods function at low light levels, 
differentiate shades of gray, are most sensitive 
to green, are more numerous in the periphery of 
G 
' K 
==------..-- - -- - -----------
Cornea F: Ciliary muscle K: Fovea 
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Aqueous humor G: Vitreous humor L: Macula lutea 
Pupil H: Sclera M: Disk 
Iris I: Choroid N: Optic nerve 
Lens J: Retina 
Figure 2. The Structure of the Eye. 
the eye, and are very sensitive to weak stimuli. 
(Oborne 1982) When the eye is dark adapted, 
"visual purple" builds up in the retina and the 
rods become the major light sensing elements. It 
takes at least 30 minutes to become fully dark 
adapted. Only a few moments of bright light will 
destroy the "visual purple." (McCormick 1987) The 
cones function at higher illumination, differen-
tiate colors, are most sensitive to yellow, are 
more numerous in the central part of the eye, and 
are mainly involved in space perception and visual 
acuity (Oborne 1982). "The attribute of the eye 
that determines its resolution is the size and 
spacing of the cones, which has been determined to 
be about 1.5 microns." (Sherr 1982, p. 32) 
Fovea~ a small area of the retina at the rear of 
the eye that is very thin and contains a network 
of tightly packed cones and no rods. It is the 
point of highest resolution. 
Macula lutea - an opaque spot surrounding the 
foveal region. 
Disk (blind spot) - the area just off the center 
axis of the eye that is the connection point for 
the retina and the optic nerve. There are no 
light receptors in this area. 
Optic nerve - the nerve bundle that carries visual 
information from the eyes to the brain. 
Function 
Light reflected from objects -in the visual field 
enters the eyes through the cornea and is refracted by the 
lens. The image is focused and projected upside down and 
reversed on the retina. Depending on the intensity, 
duration, and wavelength of the light that falls on each 
receptor cell of the retina, a specific nerve impulse is 
transmitted to the brain. The mind has the ability to 
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assemble the millions of bits of raw data into an image 
that can be comprehended. 
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The brain will even fill in areas of an image that are 
not received by the retina. For instance, one is not aware 
of the blind spot in his eye where the retina connects to 
the optic nerve. The mind will "gloss over" this defect 
and special tests can demonstrate how objects can seem to 
disappear when they enter this area of the visual field. 
The brain can even adapt to gross distortions over time. A 
famous experiment demonstrated that people who wore special 
"upside down" spectacles could not function initially but 
that after a few days the image in the subject's mind was 
normal enough to allow the person to function to the point 
where he could even ride a bicycle. Of course, when the 
distortion was removed, everything looked upside down again 
and the subject had to adapt himself back to normal again 
(Hopkinson 1969). 
Nature gives every person two eyes which enables them 
to have what is called stereoscopic vision. Each eye is 
set apart from the other by a fixed distance. This means 
that the image in each eye is slightly different from the 
other. The brain takes these differences and puts them 
together to give three dimensional sight. This is more 
commonly called depth perception. If the eyes do not 
properly "converge" and "fuse" the two images, a person has 
a condition called phoria or "double vision." (McCormick 
1987) 
According to Bailey the visual field "is that area 
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that can be seen when the head and eyes are motionless." 
(1982, p. 58) It extends 104 degrees on each side when 
referenced to the center line between the eyes. Motion of 
the eyes alone can extend the range to 166 degrees. Of 
course, motion of the head, eyes, and body can bring the 
range to a full circle. 
Sensitivity 
The eye has a wide range of sensitivity to light. It 
can operate at levels of almost absolute darkness to bright 
sunlight. This is due to two factors: The first is called 
accommodation. Part of this is the ability of the iris to 
adjust the size of the pupil in reference to the average 
ambient light level. The second is the ability of the 
cones to take over from the rods when the light level is 
high and the reverse when the light level is low. The 
visual system can detect changes in ambient light levels of 
5% or less (Sherr 1982). According to Tannas and Goede 
(1978), the eye is very sensitive to position as well. At 
normal viewing distances (24 inches), positional changes of 
as little as one-half of one mil (0.0005 inches) are de-
tectable. 
Chapanis helps to put this sensitivity into human 
terms: 
"Few of us appreciate, for example, what a marvel-
ous transducer we have in the human eye. With 
this instrument, a normal human being can, under 
good conditions, see a wire 1/16 inch in diameter 
at a distance of half a mile. It is so sensitive 
that when it is fully dark-adapted the average 
person can see the flare of a match 50 miles away 
on a clear, dark night. On the other hand, the 
eye can look momentarily at the sun at its zenith. 
The ratio of these two intensities is about 
I h • • 1 100,poo,000,000,000:1 .•.. T ere is no singe 
physical instrument that even begins to approach 
the flexibility of the human eye." (1966, p. 35-6) 
One of the great scientific and engineering minds of 
12 
the century, Steinmetz (1909), noted that the eye can adapt 
to great differences in illumination level quite smoothly 
and comfortably. In scientific terms the smallest detect-
able visual threshold is listed as 0.000001 ml (Bailey 
1982). The energy at this level is 20 trillion times less 
than that produced by the chirp of a cricket or almost 70 
biliionths of the energy released when a pea is dropped one 
inch (Mueller 1966). The entire range of illumination 
levels is shown in Table 1. 
In most circumstances the eyes will adapt to the 
ambient light level with little difficulty. It is in the 
area of lighting levels for the work place where it has 
been shown that certain minimum levels are necessary for 
different types of work. It should also be remembered that 
illumination beyond the level of sufficiency makes little 
difference (Hopkinson 1969). 
TABLE 1 
VARIOUS LUMINANCE LEVELS OF 
COMMONLY EXPERIENCED CONDITIONS 
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CONDITION LUMINANCE LEVEL (ml) 
Sun's surface at noon 
Tungsten filament 
White paper in sunlight 
Earth on a clear day 
Earth on a cloudy day 
White paper in good reading light 
White paper 1 ft. from std. candle 
White paper in moonlight 
Earth in moonlight 
White paper in starlight 
Earth light 
Absolute threshold of seeing 
Source: Bailey 1982, p. 58 
Perception 
1,000,000,000 
1,000,000 
10,000 
1,000 
100 
10 
1 
0.01 
0.001 
0.0001 
0.00001 
0.000001 
The way in which the visual system processes informa-
tion depends on the individual's perception of the image. 
The relationship between the true physical dimensions of 
the input and how it is perceived is the study of psycho-
physics. For example, terms like wavelength and luminance 
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are physical whereas hue and brightness are psychological. 
(Biberman 1973) By building mathematical models of the 
visual system, Carlson has "shown that visual psychophysics 
has progressed to the point where quantitative answers to 
selective display problems can be achieved." (1982, p. 18) 
For visual perception to take place, certain physical 
prerequisites must be present. These are size, illumina-
tion, time, and differentiation. In the first instance the 
object must be large enough to be resolved. In the second 
place an object must emanate or reflect enough light to 
elicit a response from the eyes. This can change depending 
on the dark-adaptation level. Thirdly, the object must be 
present for a period of minimum visual stimulation. In the 
last case, an object must look different· enough to cause a 
certain level of contrast (Mueller 1966). Some combina-
tions of these variables along with movement of the object 
and the age of the observer can affect visual perception 
(McCormick 1987). 
Photometric Parameters 
Measurement of the physical aspects of light is called 
photometry. The photometric parameters provide an absolute 
reference for determining the characteristics of displays. 
Sherr defines photometry as "the quantitative measurement 
of radiant flux in relation to its ability to evoke the 
psychological sensation of brightness." (1982, p. 38) What 
he means in more simple terms is that photometry measures 
light in the same way as the eye responds. 
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To promote the standardization of photometric parame-
ters and measurement techniques, three groups have formed · 
committees to develop uniform units and methods. They are 
the International Electrotechnical Commission (IEC), the 
Electronic Industries Association (EIA), and the Society 
for Information Display (SID). The last two groups are 
mainly responsible for display standards in the United 
States. 
The principal photometric parameters include the 
following: 
Luminous intensity - This is the solid angle flux 
density in any given direction emitted from a 
point source of light. The standard unit is a 
candela (cd). 
Luminous flux - This is the rate at which light is 
emitted from a source. Luminous flux is measured 
in lumens (lm). 
Illuminance - The amount of light striking any 
point on a surface is called illuminance or as it 
is sometimes better known, illumination. This 
parameter is measured in lumens per square meter 
or lux (lx). 
Luminance - This is the amount of light leaving a 
surface. The value is expressed in nits (nt) or 
candelas per square meter. An older term 
used in the United States was millilamberts (ml) 
which is equal to 3.2 nits. 
Contrast ratio - This parameter is defined as the 
ratio of the total luminance in one area to the 
background luminance. 
Reflectance - This is the ratio of the amount of 
light reflected by a surface (luminance) to the 
amount of light striking the surface (illuminance). 
While the last two items cannot be strictly called 
16 
parameters, they are important measures of combinations of 
photometric units. These terms are most helpful when it 
comes to writing a specification for a visual display and 
for testing its conformance to specifications (McCormick 
1987; Sherr 1979). 
Nonphotometric Parameters 
The quality of an image is also affected by factors 
that are not photometric in nature. Sherr describes the 
nonphotometric parameters as having a "significant impact" 
and "while the characteristics of the light source will 
influence them, they are primarily affected by other fac-
tors associated with the functioning of the perceptual 
mechanism." (1979, p. 8-9). 
tion. 
Resolution 
The first of these visual characteristics is resolu-
It has been defined as "the smallest discernable or 
measurable detail in a visual presentation." (Sherr 1979, 
p. 9) Resolution in terms of sight is called acuity. 
Individual tests of visual acuity are common. The most 
recognizable is the Snellen eye chart. This test requires 
a person to read out ever smaller rows of letters until a 
row is reached where the letters can no longer be read. 
The chart is placed at 20 feet from the observer and 
calibrated so that a person with normal vision scores a 
familiar 20/20 (Bailey 1982). 
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Acuity depends in part on the ability of the eyes to 
change the shape of the lens to bring objects at different 
distances into focus on the retina. This is another aspect 
of accommodation (McCormick 1987). The resolving power of 
the eye also depends on the smallest individual receptor 
elements, the cones. The accepted limit of resolving power 
is one minute of arc (Sherr 1979). Since the cones provide 
higher resolution, high ambient light levels provide for 
maximum visual acuity. 
There are four aspects to resolving an object. First 
it must be detected. Second it must be recognized for its 
true image. Third it must be able to be separated from the 
background. Lastly, localized deviations in its structure 
must be discernable. Not all of these aspects are needed 
for full resolution. Sometimes only one is needed for 
normal resolution of an object (Mueller 1966). 
There are five types or measures of visual acuity. 
The most common type is referred to as minimum separable 
acuity. This is defined as the smallest feature, or the 
space between the parts of a target, that the eye can 
detect. Vernier acuity is the ability to detect lateral 
displacement from the end of one line to the beginning of 
the next. Some "split-image" camera focusing systems 
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utilize this characteristic. Another type is called mini-
mum perceptible acuity. This is the ability of the visual 
system to detect a spot from its background. stereoscopic 
acuity relates to the common term, depth perception. It is 
the ability to differentiate between retinal images of the 
same object at different distances from the eyes. The last 
measure of acuity is known as dynamic visual acuity. This 
is the ability to make visual discriminations of objects in 
motion relative to the observer. Motion in excess of 60 
degrees of arc per second causes rapid deterioration of 
acuity (McCormick 1987). Total resolution of an object may 
depend on one or more of these types of visual acuity. 
Oborne also states that two other factors affect 
visual acuity. The first is the illumination level. He 
found that "acuity varies linearly with a logarithmic in-
crease in illumination between a visual angle (that is, the 
angle subtended by the object at the eye) of about 0.2 to 
1.5 minutes of arc." (1982, p. 22) In other words, the 
higher the ambient light level, up to a certain limit, the 
greater detail that can be seen. He also noted that acuity 
increased the longer the object was in view. This charac-
teristic is a direct result of the function of the cones. 
Since the cones are concentrated in the foveal region of 
the retina, the highest resolution is also in the center of 
the field of view. 
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Some other conditions that affect acuity include near-
sightedness, farsightedness, and astigmatism (McCormick 
1987). Diseases such as diabetes and others can also affect 
vision. 
Flicker 
Another nonphotometric parameter that is important in 
display selection is flicker. The absence of flicker is a 
very desirable goal. This is because flicker can be a 
cause of considerable eye strain for a display terminal 
operator (Sherr 1979). The effect is related to the per-
sistance of vision in the rods (scotopic) and cones 
(photopic). Beyond a certain frequency rod and cone output 
is continuous even though stimulation is_ intermittent 
(Sherr 1982). 
The critical fusion frequency (CFF) is the point at 
which flicker is no longer discernible (Mueller 1966). Its 
value will change with respect to each individual and the 
luminance of the image. The equation for the relationship 
between luminance and CFF is given by the Ferry-Porter law 
CFF = a(log L) + b (1) 
where "a" is equal to the constant value 12.5 (photopic) or 
1.5 (scotopic), "b" is equal to the constant value 37, and 
"L" is the average luminance of the image. This expression 
is based on experimental data but is useful in determining 
a first estimate of CFF for a particular application. 
(Sherr 1979) 
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The critical fusion frequency is most often given as 
between 40 and 50 Hz under most normal conditions (Kaufman 
1974). Over the full range of illumination, CFF has been 
shown to be between two and three flashes per second for 
low light conditions to around 60 Hz at very high levels. 
At the transition between scotopic and photopic vision 
(dusk-like levels), CFF is approximately 15 Hz {Oborne 
1982). Snyder warns that "increases in display luminance 
yield more sensitivity or greater susceptibility to per-
ceived flicker." (1984, p. 231) 
Since the CFF is greater in the peripheral field of 
vision, the relative size of a display i ·s important. 
{Grimes 1983) For this reason the refresh rate of the 
display and the luminance should be of concern as they 
relate to flicker. 
A viewer is more comfortable and less fatigued if 
there is no perceptible flicker on a display. In cases of 
intermittent stimulation, acuity is best when the frequency 
is low enough for each flash to be seen individually or so 
fast that complete fusion of the image occurs. Acuity is 
worst in the middle range where flicker is visible 
(Mueller 1966). 
OBJECT 
Sun 
Moon 
Quarter 
Quarter 
Quarter 
I 
Lower case 
pica type 
letter 
TABLE 2 
COMPARISONS OF VISUAL ANGLES OF 
SEVERAL COMMON OBJECTS 
DISTANCE 
93,000,000 mi. 
240,000 mi. 
Arm's length (70 cm.) 
90 yd. 
3 mi. 
Reading distance (40 cm.) 
Source: Cornsweet 1970, p. 445 
Visual Angle 
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VISUAL ANGLE 
30' 
30' 
0 
2 
l' 
l" 
13' 
Visual angle is a nonphotometric term that is closely 
related to resolution. In fact, one measure of visual 
acuity is given in terms of visual· angle. Display symbol 
size is sometimes specified as a visual angle from a stand-
ard distance (usually 24 inches). 
This parameter is defined as the angle formed at the 
eye by the viewed object. It is a measure of relative size 
and is usually expressed in minutes of arc. The value is 
determined by 
A = (57. 3) (60) (L/D,) (2) 
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where "A" is the visual angle (in minutes of arc), "L" is 
the true size of the object measured perpendicular to the 
line of sight, and "D" is the distance from the front of 
the eye to the object. In cases where the distance is 
small add 7 mm to "D" to account for the distance from the 
cornea to the retina (Bailey 1982). Table 2 lists some 
examples of visual angles of common objects. These may 
help one to acquire a "feel" for the physical attributes of 
this parameter. 
ter. 
Legibility 
Sherr mentions legibility as a nonphotometric parame-
He defines it as "the number of correct identifica-
tions that a viewer will make in an operational situation." 
(1979, p. 16) This is really a measure of overall effec-
tiveness of a display. 
cult to quantify. 
In many instances it may be diffi-
Color 
One of the most important visual parameters is color. 
Sherr defined color by saying that it "consists of lumin-
ance or brightness, by which an observer may distinguish 
between two structure-free patches of light of the same 
size and shape." (1979, p. 17) By this he means that color 
is another differentiable characteristic of light. What he 
did not say was that this visual sensitivity is based on 
the wavelength of that light. 
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The longer visible wavelengths are perceived as red 
(700 nm) while at the upper limit of vision the wave-
lengths are shorter (400 nm) and seen as violet. Just 
beyond these two limits are found the infrared and ultra-
vi-olet invisible wavelengths. The eye is most sensitive to 
the yellowish-green area of the visible spectrum (555 nm). 
This peak response can be seen on the photopic curve shown 
in Figure 3. At very low light levels the sensitivity of 
the eye changes more to a blue-green color (500 nm). The 
shift from photopic to scotopic vision, shown in Figure 3, 
is called the "Purkinje effect." (McCormick 1987) This 
natural sensitivity to blue-green tends to reinforce the 
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Figure 3. Photopic (a) and Scotopic (b) Curves. (Sherr 
1982, p. 36) 
theory that all life began in the oceans since sea water 
filters this color best. 
Helmholtz developed the tristimulus theory of color. 
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Briefly stated, this theory says that red, yellow, and blue 
reflected light and red, green, and blue emitted light can 
be combined in different proportions to produce the effect 
of any other color. This has been found to be the natural 
response colors of the cones. In electronic displays this 
combination of colors is given by 
C = r(R) + g(G) + b(B) (3) 
where "C" is the selected color, "r(R)" is the proportion 
of red, "g(G)" is the proportion of green, and "b(B)" is 
the proportion of blue (Sherr 1979). 
The eye is very sensitive to differences in hue. The 
estimates of how many colors humans can distinguish varies 
considerably. Costlow (1984) puts the number at around 
15,000 while Chapanis (1966) puts it at several hundred 
thousand. Part of the reason for the difference in these 
numbers may be due to the way in which a color is defined. 
Sometimes people will differentiate two or more colors when 
actually the only difference is the energy or luminance 
value. The wavelength of a color defines its hue while its 
energy level is referred to as its saturation level. 
To help define the visible spectrum in terms of both 
hue and saturation, the CIE (Commission International de 
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L'Eclariage) issued the first chromaticity diagram in 1931. 
This chart graphically depicts the color characteristics of 
hue and saturation for emissive light sources. This first 
chart is shown in Figure 4. It uses an x,y coordinate 
system where the equal energy point is defined as x = y = 
0.333. 
In 1943, K. L. Kelly enhanced the usefulness of the 
original chromaticity diagram by adding color boundaries. 
0.8 
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· y 
0.4 
0.2 
0 
0 0.2 0.4 
X 
0.6 
650 
770NM 
0.8 
Figure 4. The 1931 CIE Chromaticity Diagram. (Keller 1984 
p. 12 2) 
The improved chart was accepted by the CIE and is now 
generally referred to as the "Kelly chart." He made some 
minor revisions in 1955 to further refine the color re-
gions. The latest version of this diagram is shown in 
Figure 5. 
0 .900 ~-----r-----~-..:.__---,------,-----~----r------,------, 
.700 
-
.600 
G,-n 
\' .500 
.200 
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0 .000 
Figure 5. 
.100 .300 .400 .100 .100 .700 .800 
• 
The 1955 Version of the Kelly Chart. (Keller 
1984, p. 124) 
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The main features of the Kelly chart include: 
• All perceptible colors fall within the bound-
ed area. 
• A straight line drawn through the equal 
energy point indicates the complementary 
colors. 
• Saturated colors are located at the periphery 
of the curve. 
• Less saturated colors are inside the curve 
with white in the center area. 
• Color boundaries are not distinct. 
• Color ratios are proportional to the ratios 
of the length along a straight line between 
two color points inside the curve. 
• The numbers on the edge of the curve denote 
the wavelength in nanometers. 
• Black body color temperatures are given along 
the curved inner line of the 1931 version. 
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The diagram was revised again in 1960 to represent the 
chart in the u,v coordinate system. The purpose of this 
change was to have equal distances on the chart better 
represent perceived color differences. In 1976 the CIE 
issued the final revision of the chart. This version uses 
the u',v' coordinate system where u' = u and v' = 1.5 v. 
The new chart is called the CIE-UCS (Uniform Chromaticity 
Scale) diagram and is now the official recommended practice 
of the CIE and other organizations. 
shown in Figure 6. 
The new diagram is 
These charts can be very useful in understanding the 
response of the visual system to color. They are also 
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useful in the specification of color displays because of 
their nearly universal acceptance (Keller 1984). 
Brightness 
The nonphotometric term, brightness, is described by 
Sherr as "a psychological term and most correctly refers to 
the attribute of perception whereby the observer is aware 
of differences in luminance." (1979, p. 3) For this reason 
brightness should not be confused with luminance. To put 
700 - 780 
Purpie 
.100 t-------+----~-4--4-----+---,~--------'---19_7_6_C_E_I-U_C._S_C_h_ro_m_•_t_ic_itv_D~ia_g_ra_m ___ ---t 
Color Boundaries Translated from Revised Kelly Chart 
4x 9y 
u'=---- v·=----
-2x + 12y + 3 -2x + 12y + 3 
-000 .100 . . 200 .300 
u' 
.400 .500 .600 .700 
Figure 6. The 1976 CIE-UCS Diagram. (Keller 1984, p. 126) 
it in other words, brightness is the subjective sensation 
of the physical attribute of luminance (Bailey 1982). 
Viewing Angle 
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Viewing angle in a nonphotometric parameter that is 
used mainly in its relationship to displays. It should not 
be confused with visual field (the range of vision) or 
visual angle (the apparent size of objects). Sherr defines 
the viewing angle as "the angular relationship, in degrees, 
between the normal to the viewing surface on the line 
between the viewing surface and the observer's visual axis, 
and the line between the visual axis and the point being 
viewed." (1979, p. 57) The viewing angle is really a solid 
angle, a cone, that represents the area on the viewing 
surface where the acuity is good enough for proper resolu-
tion and legibility. 
This parameter changes in direct proportion to the 
visual angle of each character, or object within the view-
ing angle. The smaller the visual ·angle is, the smaller 
the viewing angle becomes and vice versa. This is because 
the maximum resolution ability of the eye is found in the 
fovea. As the image moves out of this region, it must be 
relatively larger to be resolved properly. For example, 
the viewing angle may extend to 30 degrees for characters 
that subtend a visual angle of greater than 30 minutes of 
arc. Since the foveal region is composed mainly of cones, 
the illumination level also greatly affects viewing angle 
(Sherr 1979). 
Jitter 
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Jitter is a phenomenon of periodic motion of an image. 
It can be very irritating to a viewer and at some point 
actually cause physical discomfort. Jitter is mostly found 
in electronic displays that use a scanning beam to project 
an image. This nonphotometric parameter is closely related 
to flicker in its effect on the observer. Dynamic acuity 
is responsible for perception of jitter. Specifications 
for displays should list no perceptible jitter as a re-
quirement. 
Glare 
Glare is a nonphotometric parameter that is difficult 
to control and in most cases can only be reduced, not 
eliminated. It has been described as "the condition in 
which unwanted light enters the eye, causing reduced visual 
ability." (Garcia 1985, p. 163) Another, perhaps more 
precise, definition states that "glare is produced by 
brightness within the field of vision that is sufficiently 
greater than the luminance to which the eyes are adapted to 
cause annoyance, discomfort, or loss in visual performan~e 
and visibility." (McCormick 1987, p. 411) Again, the 
physical attribute of accommodation comes into play. 
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Almost all light sources cause glare either directly 
or indirectly. In the case of electronics displays, the 
most common source of glare is reflections on the screen 
from windows, lights, and secondary reflections from light 
colored objects. Such conditions may cause operators to 
complain about headaches, fatigue, eyestrain, and discom-
fort (Garcia 1985). 
There are basically two types of glare: direct and 
reflected. Direct glare is caused by light sources, such 
as the sun or luminaires (lamps), in the field of vision. 
Reflected or specular glare is caused by reflected light 
from a glossy or polished surface. The latter type is the 
one most likely to be found in displays. 
There are also three different levels of glare. Dis-
comfort glare is that which is uncomfortable, but not to 
the point where it would necessarily reduce visual perform-
ance or visibility. Disability glare reduces visual per-
formance and visibility and often produces discomfort. 
Blinding glare is so intense as to cause momentary loss of 
vision (McCormick 1987). These glare levels were defined 
in 1979 by the IES Nomenclature Committee. The IES 
(Illuminating Engineering Society of North America) also 
sets standards for lighting. 
Some studies have found that the ways in which glare 
affects each individual are different. For instance, one 
researcher discovered that older people have increased 
TABLE 3 
COMMON VISUAL PARAMETERS 
PHOTOMETRIC 
Luminous intensity 
Luminous flux 
Illuminance 
Luminance 
Contrast (ratio) 
Reflectance 
NONPHOTOMETRIC 
Resolution 
Flicker 
Visual angle 
Legibility 
Color 
Brightness 
Viewing angle 
Jitter 
Glare 
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sensitivity to glare. It has been shown that eye color has 
an effect on perceived glare. Blue-eyed people were found 
to be more sensitive than those with brown eyes (McCormick 
1987). 
Summary 
All of the nonphotometric parameters discussed so far 
are important in understanding the nature of the visual 
system. Not all of these visual characteristics are 
equally important when it comes to the selection of a 
display. Nevertheless, all of them should be considered in 
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any specification. A list of visual parameters is given in 
Table 3. 
Other Factors 
The visual parameters discussed previously are used to 
explain the visual system in terms of the average situa-
tion. There are other factors that are not directly re-
lated to normal vision. 
Age is probably the most neglected variable in the 
selection of visual displays. For example, other than its 
obvious effects on acuity and glare sensitivity, the illum-
ination level required to maintain the same visual perform-
ance doubles for each individual every 13 years (Singleton 
1972). All effects of aging on the visual system should be 
taken into account when displays can be used by older as 
well as younger people. 
Color discrimination is an ability that not all people 
share equally. Complete color blindness is very rare. 
(McCormick 1987) In most cases what is generally called 
color blindness is really a limited color "confusion." 
This lack of proper discrimination usually is manifested in 
the lower part of the visible spectrum where red, green, 
and gray may not be identified correctly (Bailey 1982). 
Color blindness is much more prevalent among men. In 
the United states, 8 percent of men have some color weak-
ness while only 1 percent of women are affected. 
(Stephenson 1986) Use of color in displays should take 
these statistics into account. 
Compensation for the effects of disease and physical 
defects in the selection of visual displays is generally 
not required. Special aides for the visually handicapped 
is not an area covered by this paper. 
Summary 
The reason for covering the visual system in such 
detail can best be expressed by the words of Leibowitz: 
''No matter what technical advances are made, no 
one will redesign the human eye, so we must under-
stand its capabilities and limitations and work to 
use it more effectively." (1965, p. 55) 
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The knowledge gained in the complete understanding of the 
visual system can be used to improve the visual quality of 
the primary man/machine interface: the electronic display. 
HUMAN FACTORS 
In broad terms human factors is the study of how 
people interact with their environment. This definition is 
one that could also work well for the term ergonomics 
(Spencer 1985). In most cases the terms are used inter-
changably and whatever difference in meaning they may have 
once had is now muddled beyond repair. 
This report addresses the problems associated with one 
small area of human factors, i.e., human factors considera-
tions in the selection of display technologies for computer 
and data terminals. Shapiro (1985) quotes James N. Price 
about his concerns for human factors in display design. He 
wants designers to worry about more than just how the 
information is presented to viewers. Character size, color 
recognition, operator fatigue, display standards, and en-
vironmental factors such as ambient light or glare are also 
very important, he says. 
In his second major book on electronic displays, Sheer 
(1979) · prefers not to use the term "human factors," in-
stead, he feels that "perceptual factors" is more appropri-
ate in the display field. This is because of the nature of 
the psychophysical response of the visual system. In his 
latest work on the usability of electronic displays, Sherr 
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is less reluctant to use the term "human factors." He now 
focuses on the human side of the display interface: 
"Human factors, then, signifies those aspects of 
human performance and perception that must be con-
sidered when any electronic display system is 
being designed or assembled and imposes somewhat 
severe restrictions on what can be expected of 
these systems in different applications." (1982, 
p. 28) 
The human element becomes the limiting factor in display 
performance. 
The goal of human factors in display design or selec-
tion is to match the requirements of the display to the 
capabilities of the viewer (Oborne 1982). This matching is 
not an exact science, but with some understanding of the 
important elements involved, an optimum display choice can 
be made. 
The display is one-half of the man/machine interface. 
Singleton describes it as "an imaginary plane across which 
information is exchanged between operator and machine." 
(1972, p. 82) As in most cases wi~h computer terminals, 
information is conveyed from the machine to the operator 
through an electronic display. In response to this input, 
the operator relays data or commands back to the computer 
through the other half of the man/machine interface: the 
controls. A keyboard generally serves this function on a 
computer terminal. 
According to Biberman the human part of the system de-
serves special attention: 
"As a critical part of any man/machine system, the 
human operator receives information, processes it, 
and takes same specific action upon the system. 
(1973, p. 92) 
For this reason the display should be considered the most 
important element of the man/machine interface. The dis-
play is presently the only practical link between the 
computer terminal and the operator. 
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Since the human vision system is not going to be 
redesigned to conform to limitations of displays, the dis-
play system must be designed to provide optimum performance 
based on the limitations of the operator. Learning the 
characteristics and range of the human factors of vision 
and perception will aid in the design or selection of the 
best display technology for a particular application. 
Stimulus and Response 
When viewing a display there are four aspects to 
consider for visual field response. The first is detec-
tion. This occurs when the observer correctly determines 
that he has found an object of interest. Recognition is 
the second aspect which occurs when the observer correctly 
indicates the category of the detected object. Area recog-
nition occurs when the observer correctly determines the 
location of the object of interest. Finally, discrimina-
tion is that aspect of visual field response that occurs 
when the observer correctly indicates the single object of 
interest by separating it from the class of recognized 
objects (Biberman 1973). 
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Observers respond in different ways to stimulus. The 
time it takes to respond is classified according to the 
type of stimulus. One category is "update" response time. 
This is the period the viewer must wait for display output 
after data input. The update can vary over a wide range 
depending mostly on machine factors such as load and prior-
ity. Another type is called the "request" response time. 
This category is the time it takes to display the informa-
tion requested by the operator. If the delay is too long, 
system productivity can be seriously affected. This time 
should be kept to a minimum. The "display generation" 
response time is the period between when the computer is 
ready to initiate the generation of a display image until 
it is completed. (Howard 1963). In each of these cases the 
stimulus to the viewer is the interval of anticipation 
caused by hardware limitations. How the viewer responds 
can range from frustration to satisfaction. 
The data rates of computers and humans are quite 
different. For example, most computers could display tens 
of thousands of characters each second. No human on earth 
could ever hope to match this rate. Most people can only 
comprehend data when it is presented at no more than 50 to 
100 characters per second (Sherr 1970). The great differ-
ence in these rates must be respected when displaying data. 
In this case the human perceptual ability is the limiting 
factor. 
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The amount of information displayed is influenced by 
three factors. The rate of comprehension is the first 
factor. This characteristic limits how much information is 
displayed at one time dependent on how quickly the viewer 
must respond. If a fast response is required, the display 
must show only the minimum data necessary to elicit the 
response. A more comprehensive and complete data presenta-
tion can be displayed if a rapid decision is not required. 
The next factor to influence data quantity is display 
access time. If the information required by an individual 
to perform his function exceeds the capability of one 
display, means must be provided to quickly access the 
remaining data. There are two methods to retrieve this 
other information: 1) let the user change display fields 
on c0mmand or 2) provide multiple displays. A third 
possibility is to combine both methods. The method used 
depends on the access time required for the task. 
Visual perception is also a factor that limits the 
amount of information .displayed. This factor is certainly 
less of a limitation than the comprehension rate, however, 
it cannot be ignored in areas such as data display rate 
changes, color discrimination, and blink rate. The charac-
teristics of the display and the local environment affect 
visual perception (Howard 1963). Although all these 
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factors place limits on displayed data, they can, if 
properly understood, help in the specification of the opti-
mum display size. 
The following display performance parameters were 
established quantitatively and are physical in nature: 
Accuracy - This parameter can be expressed simply 
as the measured deviation from the ideal expected 
value. It falls into two categories. Absolute 
accuracy is the deviation from a fixed standard, 
whereas, relative accuracy is the maximum allowed 
deviation between two points. Accuracy is a mea-
sure of image location. 
Repeatability - The importance of this term de-
rives from the expectation that the output of a 
system will always be the same for a given input. 
There are two types of repeatability: short-term 
and long-term. Short-term repeatability affects 
image stability and legibility, while long-term 
repeatability affects image position. Repeatabil-
ity is a function of time and location. 
Jitter - This display performance parameter is a 
measure of perceptible image stability. It is de-
fined by the relative motion of the image caused 
by factors such as noise and short-term repeat-
ability. Some display jitter may be unavoidable. 
In such cases the specification is usually set at 
less than one-half of a line width. The goal, 
however ambiguous it might sound, should always be 
no visible jitter. · 
Noise - Any extraneous background elements that 
cause image distortion are considered noise. 
Although this parameter is difficult to quantify, 
it should not be ignored. 
Drift - This is the measure of change in position 
of an image over a period of time. 
The measurement of these display performance parame-
ters are not affected by any special photometric response 
(Sherr 1970). They do, however, have an effect on the 
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psychophysics of visual perception. These display parame-
ters can be correlated with perceptual parameters to aid in 
establishing limits on the physical deviations specified 
for a display. 
Adverse Effects 
There are many factors that can cause a drastic reduc-
tion in the performance of the visual system. Some factors 
are physiological in that they cause a temporary or perma-
nent reduction in visual perception. Other factors are 
psychophysical in nature and only reduce visual performance 
while present. 
Eye Fatigue 
The first of these adverse elements is eye fatigue. 
In some cases this condition is caused by a characteristic 
of the visual system called accommodation. Excessive con-
trast between areas of the display or between the display 
and areas adjacent to it cause pupil size to change rapidly 
or inadequately. The muscles of the iris become tired as a 
result {Sherr 1982). Such eye "strain," for example, can 
result from viewing a bright display in a dark room. 
Another cause of eye fatigue is an optical phenomenon 
called chromostereopsis. This is an "accommodation" reac-
tion to different areas of color on the display. It is the 
result of the natural chromatic aberration of the lens of 
the eye (actually a problem with any lens). This means 
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light of different wavelengths have different focal 
lengths. This is similar to the way white light is broken 
up into its component colors by a prism. In this way 
different color images require the ciliary muscle to indi-
vidually change the shape of the lens in an attempt to keep 
each image in focus. Two different colors of significantly 
different wavelengths, such as blue and red, in the same 
field of view cannot both be in focus simultaneously. As 
the eye tends to focus on each color area alternately, the 
ciliary muscle becomes fatigued. In severe cases the re-
sulting false 3-D image can produce distress at a level 
that can cause nausea or dizziness (Snyder 1984). The best 
way to avoid such situations is to use display colors that 
are closer in wavelength and limit the number of adjacent 
colors. 
Other factors that can cause eye fatigue are related 
to the external conditions. Improper viewing distance can 
lead to eye strain if the viewer positions himself so far 
away from the display that he must squint or too near where 
he can resolve the individual elements that form the char-
acters. This aspect is also related to viewing angle 
(Sherr 1982). Improper use or adjustment .of a display can 
also cause eye fatigue (Myers 1984). The evidence clearly 
shows that extended viewing of poorly designed displays 
will cause this problem (Design. . 1986). 
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Safety 
One area of adverse effects of display usage that has 
drawn public attention in the last few years is video 
display terminal (VDT) safety. The health effects of VDT 
usage has been the subject of a heated debate. One reason 
that these arguments have reached such a level of concern 
results from the fact that VDT usage has experienced tre-
mendous growth. Current estimates show that 13 million 
Americans use VDTs with the number swelling to 60 million 
by the year 2000 (High-tech. . 1985). 
Most complaints center around eyestrain and musculo-
skeletal pain which are rightfully attributed to improper 
use of VDTs (Myers 1984). Some users have claimed that 
these machines cause ailments such as cancer, birth defects 
and miscarriages, and cataracts and other eye diseases. 
No scientific study has supported the validity of such 
horrendous effects (Freifeld 1985). A Swedish study point-
ed out that even a malfunctioning video display terminal 
was unlikely to emit radiation beyond normal levels (Myers 
1984). Stress from such sources as low level glare seem to 
be the cause of the majority of problems (Spencer 1985). 
Viewing distance and screen brightness can also be the 
cause of headaches and eyestrain. A recent study has shown 
that the color of characters on the VDT screen or the type 
of lighting nearby do not affect a VDT user's efficiency 
(VDT. . 1986). 
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Even though VDT use does not appear to cause permanent 
damage, there is adequate medical evidence to show that 
long-term use makes it more likely that operators would 
develop health problems (High-tech. . 1985). For this 
reason the ongoing debate in the legislatures of this 
country and around the world is likely to continue. West 
Germany already has regulations on the books (DIN 66 234) 
to control VDT use (Snyder 1984). It is unlikely that the 
issue of VDT safety will be settled soon. The design or 
selection of a display should include consideration of such 
regulatory limits. 
Flicker 
As discussed previously, flicker has an adverse effect 
on visual perception. It has been shown, however, that 
data rate considerations have no bearing on critical fusion 
frequency (CFF) (Sherr 1970). This is generally true be-
cause data rates are very much lower than the CFF. 
It has also been shown that the accepted CFF of 40 to 
50 Hz is not always valid. One study demonstrated that up 
to 80% of its subjects noticed flicker at 60 Hz under 
certain conditions (Costlow 1984). Another study showed 
that overhead fluorescent lighting can "beat" against the 
display refresh rate so that flicker is noticeable at 
frequencies of up to 120 Hz. The author of this study uses 
this fact to suggest an explanation for slower reading 
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rates on VDTs as opposed to conventional printed text. In 
this case he advises the use of long-persistence phosphors 
to reduce the effect (Wilkins 1986). Flicker reduction 
should be a priority in the specification of any display. 
Glare 
Glare can also have an adverse effect on visual per-
formance. One study concluded that there was a "mild but 
reliable interaction" between glare and reading difficulty 
and that subjects will try to develop methods for reducing 
its effects (Garcia 1985). Nearby luminaires and natural 
light sources can cause glare on displays (VDT. . 1986). 
Some people blame the display for the stress and strain of 
long-term use when, in truth, glare on the screen is the 
most likely cause of their discomfort (Spencer 1985). 
Glare reduction is the key to most productivity im-
provements in this area. Techniques for glare reduction 
have been documented over the years. Most are well accept-
ed and generally easy to implement. They fall into three 
categories of application: luminaires, natural light 
sources, and displays. In some cases existing facilities, 
equipment, and environment can be modified. In other 
situations glare reduction must be considered prior to 
display selection. For a list of these techniques, refer 
to Table 4. 
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TABLE 4 
COMMON GLARE REDUCTION METHODS 
SOURCES 
Luminaires 
Windows 
Displays 
RECOMMENDATIONS 
Select low DGR types 
Lower intensity to minimum 
Avoid line of sight 
Lower contrast around glare sources 
Recessed lighting 
Direct light downward 
Set above line of sight 
Add outdoor overhang 
Use light surrounds 
Use shades, blinds, or louvers 
Provide tilt mechanism 
Use hoods, shields, or visors 
Use filters or screens 
Avoid reflections 
Avoid excessive display brightness 
Add diffusion or optical coatings 
Sources: Sherr 1982, p. 52; McCormick 1987, p. 416; Myers 
1984, p. 11; Garcia 1985, p. 163; Design. 
1986, p. 3.27 
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One factor that may prevent full incorporation of 
these methods is one of monetary cost. To be successful in 
such an effort, a positive relationship must be shown 
between the cost of glare reduction activities and an 
increase in productivity. Another aspect is the fact that 
some antireflection methods or devices can significantly 
reduce the display image quality. Both of these factors 
must be brought into balance to create a good working 
visual environment. 
standards 
Some countries have adopted ergonomic standards for 
displays. These rules are aimed mainly at video display 
terminals for office and industrial use. The goals are 
generally to reduce operator stress and increase safety. 
So far these requirements affect only equipment manufac-
tured or sold in European countries. 
The most well known of these standards are the West 
German (DIN 66 234) and Swedish (SIS draft 1982) rules 
(Myers 1984). The West German regulations, for instance, 
require display terminal manufacturers to design to a 
strict specification that details what may and may not be 
done in making the product. In some cases even how the 
equipment is built is defined (Hirsch 1982). These rules 
can make things unpleasant for U.S. companies trying to 
sell their products overseas. Designers sometimes find it 
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difficult and expensive to "re-engineer" a domestic product 
for these markets (Changing. 1986). Many critics have 
termed the standards anticompetitive and have charged that 
their real purpose is to limit imports of non-European 
equipment. 
The real problem with these standards, according to 
some human factors specialists, is that they have no scien-
tific justification. Hirsch (1982) warns that the rules 
are arbitrary and simplistic and can even stifle develop-
ment and use of improved displays. According to Snyder 
"there is currently inadequate research to support even 
those VDU standards that been offered." (1984, p. 233) 
The International Standards Organization (ISO) is 
developing display guidelines based on performance-derived 
criteria rather than on technical specifications. The 
American National Standards Institute (ANSI) is also draft-
ing · an extensive technical standard for VDT workstations. 
Even the West German and Swedish rules are undergoing some 
revisions in the areas of display contrast and electromag-
netic emissions (Changing. 1986). 
It would be unfortunate if the very standards devel-
oped to ease the strain on display viewers would, instead, 
impede progress in areas that would be beneficial to users. 
Nevertheless, if these standards apply to products under 
development, or just to be purchased, it is important that 
they not be ignored. 
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Fonts 
The formal style or geometric form of a character set 
is called a font. The extremely fine resolution of printed 
text provides many varied font styles. Most electronic 
displays, on the other hand, generally have very coarse 
element spacing that limits the number of possible fonts. 
This limit is usually just one. Multiple point (height) 
and pitch (width) sizes are also generally not available. 
Since the font is an important aspect of character legibil-
ity, selection of a display technology requires that this 
characteristic be properly matched to the application. 
Size 
There are two characteristics of size that should be 
considered in a display specification. The first is mini-
mum element or character size. This is determined by a 
combination of viewing distance and visual angle. Good 
resolution requires that the visual angle for each element 
subtend a minimum of 2 minutes of arc while character size 
requires at least 14 minutes of arc. Using the equation 
for visual angle (2) and these minimum visual angles, the 
minimum size will be 
d(e) = 0.00058D (4) 
and 
d(c) = 0.004D (5) 
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where "d(e)" is the element size, "d(c)" is the character 
size, and "D" is the viewing distance. The second size 
consideration is the total viewing surface area. This 
parameter is determined by the element or character size 
and the total amount of information to be displayed (Sherr 
1979) . When establishing display matrix size, it is also 
important to remember viewing angle requirements. 
Spacing 
Calculating the spacing between elements, characters, 
and rows of characters is necessary to determine total 
display area. Element spacing can also have a measurable 
effect on character recognition. One study demonstrates 
that characters become less legible as dot spacing in-
creases. The most readable fonts were composed of strokes 
(no spaces between elements) {Snyder 1984). The generally 
accepted maximum spacing between characters is from 35% to 
65% of character height. The recommended figure is near 
25% (Sherr 1979). 
Matrix 
Matrix displays form characters composed of dot pat-
terns. Character size depends on pixel spacing and matrix 
format. Although different formats can be specified, the 
most common ones used in the U.S. today are the 5 x 7 and 7 
x 9 dot-matrix. German standards require a 7 x 7 dot-
matrix. 
0 
T 
s 
I 
X 
TABLE 5 
ALPHANUMERIC CONFUSIONS IN THE 
5 x 7 DOT-MATRIX FORMAT 
MUTUAL ONE WAY 
and Q C called G 
and y D called E 
and 5 H called Mor 
and L J or T called 
and K K called R 
I and l 
* 
2 called z 
N 
I 
* 
B called R, s, or 8 * 
* These three often comprise 50% or more of the total 
confusions. 
Source: Sherr 1979, p. 30 
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The 5 x 7 dot-matrix format font is the minimum size 
acceptable for alphanumeric displays. Although this format 
is considered adequate for character legibility when pre-
sented in context, some character confusions can result for 
characters presented individually. These alphanumeric 
confusions can be found in Table 5. Some selected examples 
of characters formed by a 5 x 7 dot-matrix font are shown 
in Figure 7. 
The marginally legible 5 x 7 dot-matrix format has been 
replaced in some applications, where better character 
52 
recognition is required, by the 7 x 9 dot-matrix format. 
One study recommends this format for general use when 
possible (McTyre 1982). Another study showed that charac-
ters presented in the 7 x 9 dot-matrix format were the 
preferred font style for CRT designs (McCormick 1987) 
selected examples of this format are shown in Figure 8. 
Some 
Segment 
The most common form of segmented format is the seven-
segment font. This format looks like a slightly tilted 
"figure 8" when all the segments are active. This font is 
• • • • • • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • 
• • • • • • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • 
FORMAT A B 1 2 
Figure 7. Examples, of 5 X 7 Dot-matrix Format Characters. 
• • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • , . • • 
• • • • • • • • • • • • 
• • • • • • • • • • • 
• • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • 
FORMAT A B 2 
Figure 8. Examples of 7 X 9 Dot-matrix Format Characters. 
• 
• 
• 
• 
• 
• 
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generally limited to numeric-only duty, although some upper 
and lower-case alpha and special characters are possible. 
The basic elements of this font are shown in Figure 9. 
The perceptual characteristics of segmented fonts 
should be considered in display format selection: 
l. The fewer number of segments that make up a 
character, the easier it is recognized. 
2. The higher the difference between the number 
of segments in each character, the lower the 
chance of confusion. 
3. Not all segments are equally important for 
perception. 
This last characteristic has caused some suggestion that a 
seven-segment font with the less perceptible segments 
thickened would result in an overall perceptual improvement 
(Oborne 1982). Such an experimental format could resemble 
the special numeric character set used to print numbers on 
the bottom of every bank check. 
Other segmented fonts include the 14 and 16-segment, 
sometimes called a starburst pat~ern, and the 24-segment 
format. The 14-segment font permits a full alphanumeric 
character set. There is no real advantage for using the 
16-segment format except in the formation of some special 
I I : I I I I : I 1- 1 I I : I I : I 
Figure 9. Seven-segment Font Numeric Characters. 
characters. Although these fonts can form alpha charac-
ters, some people did not like the unusual shape of some 
letters and have complained about confusions. The basic 
elements of these first two fonts are shown in Figure 10. 
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The 24-segment format provides a font that compares 
very favorably to stroke composed characters. As a result, 
little character confusion is evident. This font is not 
used very often because of factors such as higher cost and 
complex driver requirements. In applications where high 
resolution is required, a 7 x 9 dot-matrix format is gener-
ally preferred instead. 
Color 
Each year the use of color displays increases. Some 
of the reasons for this rise have nothing to do with appli-
cation requirements. All too often the decision to use a 
color display is based on user expectations and market 
16 Segments 14 Segments 
Figure 10. The 16-segment and 14-segment Font Format. 
pressure. In fact, in some cases a color display is in-
appropriate or even detrimental to operator performance. 
Operator Effects 
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Color can be very useful in the right setting if it is 
designed correctly. It can affect operator performance in 
several ways. First, adding color can reduce boredom in 
simple data entry tasks. Second, it can reduce confusion 
on highly complex tasks. Third, color can reduce negative 
transfer from previous tasks. It can also speed the 
initial learning process. There seems, however, to be no 
correlation between color and performance gain in moderate-
ly complex tasks (Keister 1981). 
Guidelines 
Color Quantity. When using colors in a display, it should 
be remembered that the numbers of colors presented can have 
an effect on performance. There are basically two types of 
tasks involving color discrimination. The first is dis-
tinguishing colors that are presented separately. It can 
be difficult to remember more than seven colors shown one 
at a time, therefore, Sherr (1982) recommends that no more 
than four different colors be used in applications where 
colors are used to represent differences in information. 
The second task involves color matching. The visual system 
can detect very slight differences when colors are pre-
sented together. This means that the numbers of colors 
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shown in the same display can be larger than if presented 
separately. Some experts have generally given this number 
between 5 and 8 while some have stated that up to 10 colors 
can be safely used in color-matching tasks under good 
conditions (Luria 1986). 
The same study that recommended the highest number of 
colors showed that the error rate did not increase simply 
because of an increase in the number of colors. It said 
that as long as the colors were quite distinguishable, 
coding errors did not change (Luria 1986). This does not 
mean to imply that a display should show the maximum number 
of differentiable colors. Lieberman warns against using 
too many colors when he says"· . too much color can be 
as confusing as too little" and "when a rainbow of colors 
is used simply because it's there, the screenful of infor-
mation risks dazzling the eye with more shades and hues 
than the brain can quickly correlate with their related 
functions." ( 1985, p. 32) 
One study showed that there was a correlation between 
reaction time and matching of some colors. In applications 
where fast color matching is required, dark blue, red, 
purple, and white give the best results. When reaction 
times are less important, yellow, orange, and aqua can be 
used (Luria 1986). It is also important to remember the 
adverse effects of chromostereopsis, as discussed previ-
ously, when selecting coresident colors. 
Task Considerations. When considering using a color dis-
play, remember to analyze the nature of the task. The 
complexity, rate of change, and degree of desired user 
friendliness affect task requirements. One should also 
closely examine task similarities and differences. Can 
color be used effectively to emphasize similarities with 
the same color and differences with different colors 
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(Keister 1981)? Any implementation of color standards also 
will require data entry and display formatting standards. 
Other Considerations. There are other elements to be con-
sidered when using color displays. Carefully examine the 
possibility that using color can degrade performance in-
stead of improving it. Other methods of coding display 
information may be more effective. These methods include 
using different luminance levels, sizes, shapes, or pat-
terns as data formats {Sherr 1982). It should also be 
remembered that nearly 10% of the population has some level 
of color perception difficulty. 
No hard and fast rules exist on the use of color in 
displays. It is important to remember that the use of 
color should be matched to the application. There seems to 
be more of a commercial need to use color rather than a 
real need in most cases. Snyder states that 
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• the general movement toward greater use of 
color displays appears to be due more to aesthetic 
desires and marketing capabilities than to func-
tionally valid scientific or engineering require-
ments. Further research is clearly needed to 
define the appropriate uses of color displays, as 
well as to define the specific characteristics and 
requirements for color displays in those applica-
tions." (1984, p. 224) 
The key considerations, then, are to be reasonable and 
appropriate in using color. 
Modes 
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The different display modes that are available should 
be considered when writing a specification. The three 
major display modes are background, cursor control, and 
screen shifting. Almost every type of display requires the 
selection of one or more of these modes. The proper selec-
tion depends on display type and application requirements. 
Background 
One of the more important modes is background. This 
can be defined as the contrasting area of the screen that 
surrounds all displayed characters. There are two aspects 
to the background: color and polarity. One study has 
shown that background color has ·no significant measurable 
effect on operator comfort or performance (Freifeld 1985). 
Background polarity, on the other hand, has advocates on 
both sides. The polarity can be positive or negative. 
Positive Contrast. In a positive contrast mode (also 
called negative image), light characters are displayed on a 
dark background. Displays using this mode are considered 
less fatiguing because they are less susceptible to 
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flicker. One negative aspect seems to be that some reading 
rates tend to be slightly slower for positive contrast 
displays (Cushman 1986). 
Negative Contrast. The advantage of a negative contrast 
(positive image) display is its reduced susceptibility to 
glare. To have equal legibility to a positive contrast 
display, however, the strokewidth of the dark characters 
should be 20% wider. The normal inverse video mode used on 
most displays to change polarity does not generally take 
this factor into account. The light background of the 
negative contrast display also requires a higher refresh 
rate than the normal 60Hz to reduce perceptible flicker 
(Snyder 1984). 
Cursor Control 
Another display mode to be considered is the type of 
cursor control selected. A set of direction control keys 
are the usual method of cursor control for data terminals. 
Other devices that perform this . function include a mouse, 
trackball, data tablet~ joystick, lightpen, and touch-
screen. 
The touchscreen is a fairly recent development in 
cursor control. There are two touchscreen types. The 
first is an overlay panel that senses an actual touch on 
its surface. It can use either resistive membrane or 
capacitive surface technology. The second type is the non-
overlay method which senses a break in an invisible light 
beam matrix around the edge of the display to determine 
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position. Problems with touchscreens include image distor-
tion (caused by diffusion coatings, scratches, and dirt 
buildup), paralax errors (caused by overlay thickness), and 
increased glare sensitivity. Touchscreens, on the other 
hand, have the singular advantage of being the only cursor 
control device with direct "heads-up" input without an 
external hand controlled element. 
Screen Shifting 
When more information is needed than can be displayed 
on a single screen, a screen shifting mode must be em-
ployed. There are two basic methods to accomplish this 
function: windowing and scrolling. Windowing requires 
that all, or a larger part, of a screen move "up" or "down" 
on command, whereas scrolling moves a line at a time. One 
study stated that subjects generally preferred windowing to 
scrolling and gave better performance in that mode (Bury 
1982). Scrolling can best be used when displays carry few 
lines of text. 
Status Indicators 
Although they do not display text or graphics, status 
indicators can be an important adjunct to an electronic 
display. Most status indicators are single colored lamps, 
usually LEDs, and reflect separate discrete functions. 
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Function. Their function or status indication is generally 
differentiated by color, shape, or nearby symbol, picto-
gram, or text. They are sometimes used in conjunction with 
an auditory display. In many cases they can be the pre-
ferred display for special applications. 
Detection. There are different factors that influence the 
detectability of status indicators. These include size, 
luminance, exposure time, color, flash rate, and back-
ground. The first three factors work in combination to 
determine the minimum threshold. Figure 11 shows the rela-
tionship between size, luminance, and exposure time. 
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Color can produce different reactions in operators. 
People have a cultural bias for different colors. Gener-
ally red is warning, green is safety, yellow or amber is 
caution, and white and blue have no intrinsic meaning. In 
low contrast situations, red is considered best, followed 
by green, yellow, and white (McCormick 1987). Color is 
generally not important for detectability if contrast and 
brightness are high. 
Flashing status indicators can be used to attract 
attention. The best flash rate for this purpose is between 
3 and 10 Hz. It is important to avoid CFF when flashing 
(McCormick 1987). It is also important to have a neutral 
background when using status indicators. Nearby colored or 
flashing lights can distract or confuse operators. 
Guidelines. The following items are guidelines for using 
status indicators. 
1. Use mainly as a warning. 
2. Keep the number to a minimum to avoid 
confusion. 
3. Flash only as an extreme warning. 
4. The best flash rate is 4 Hz with a 50% duty 
cycle. 
5. Brightness should be double the background 
level. 
6. Locate indicators within 30 degrees of line-
of-sight. 
7. Use red only for warning. 
(McCormick 1987, p. 132-3) 
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Summary 
To fully appreciate the human factors considerations 
in display selection, it is necessary to understand the 
nature of the man/machine interface. A successful display 
device choice also depends on how well one perceives the 
limitations and performance parameters of the visual sys-
tem. The last consideration is for the designer or user to 
keep his expectations of display performance practical. 
DISPLAYS 
In the field of human factors, the term displays 
covers a broad range of machine output devices. These 
devices include auditory as well as visual displays. This 
discussion will be limited to electronic and electrically 
driven display technologies for use in data entry and 
computer terminals. 
as follows: 
Chang gives his definition of displays 
"Displays are man-machine or man-information inter-
face devices. Displays. . are often called 
input/output (I/0) devices which input informa-
tion into man's brain through his most powerful 
sensory organ - the eyes." (1980, p. 45) 
He goes on to classify displays into two categories: 
active and passive. Active displays are light emitting and 
generally operate at high energy levels. Passive displays, 
on the other hand, modulate reflected or transmitted light 
and operate mostly at low energy levels. 
The range of display technologies discussed in this 
paper and their associated categories are listed in 
Table 6. Displays may also be classified into two types. 
Cathode ray tubes, or CRTs, comprise the first type. 
Although this type is bulky and power consuming, it is also 
a reliable, mature technology and is generally the display 
of choice in most applications. The other type is referred 
to as flat panel displays. This classification covers a 
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TABLE 6 
CATEGORIES OF DISPLAY TECHNOLOGIES 
ACTIVE 
Cathode ray tube {CRT) 
Light emitting diode {LED) 
Plasma (PDP) 
Vacuum-fluorescent (VF) 
Electroluminescent {EL) 
Incandescent 
PASSIVE 
Liquid crystal display {LCD) * 
Electrophoretic (EPD) 
Electrochromic {ECD) 
Magneto-optic* 
Electromechanical 
* These two can be considered active if backlighted. 
multitude of technologies including LCD and LED as the most 
popular. Most displays of this type have existed for less 
than twenty years and some have never really made it into 
commercial applications. 
Technologies 
The human visual system and the physical, psychologi-
cal, and psychophysical forces that drive this study of 
human factors are basically unchanging. Added research in 
these areas will mostly refine what is already known. 
Display technologies, on the other hand, are developing 
rapidly. New display concepts are being introduced on a 
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regular basis. 
and updated. 
Older display types are constantly improved 
In a dynamic field such as this, it is difficult, if 
not impossible, to write about current display technologies 
without understanding how quickly the information can be-
come obsolete or outdated. For this reason, each display 
type is presented in a way that describes its general 
characteristics along with a review of advantages and dis-
advantages including an estimate of future developments. 
New and potential display technologies are also discussed. 
The selection of a display should be based not just on the 
information in this paper, but should also be aided by a 
review of the latest technical literature on each display. 
CRT 
According to Sherr a CRT is ''any device which uses the 
electron beam to cause a change in, or affect some charac-
teristic of, ~ne or more other elements of the device." 
(1979, p. 69) Cathode ray tubes have been around in one 
form or another for over 100 years. Most people are very 
familiar with CRT displays in their most common applica-
tion: television. Although the monitors used in video 
display terminals may look similar to the CRTs used in TVs, 
in general they have much higher resolution. 
Operation. The CRT operates by generating a modulated 
electron beam. There can be a single beam (monochrome and 
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some color units) or a multiple beam (color). The beam is 
directed to its target (deflection) and focused by either 
magnetic or electrostatic methods (Sherr 1979). 
The display surface can be scanned using either cur-
sive or raster techniques. The cursive method is very 
similar to writing. The beam is deflected along the sur-
face of the display to form the characters in continuous 
strokes. The beam is blanked, or turned off, between 
characters. The raster method uses a matrix of dots to 
form each character. Each horizontal line of dots is 
formed sequentially from top to bottom. 
There are two different raster scan modes: interlaced 
and non-interlaced. The interlaced mode is the same method 
used in TVs. In this mode the beam scans alternate lines 
of the matrix, or field, with each full scan of the screen. 
In this way it takes two full scans to produce a complete 
field. This technique allows low field generation rates. 
(30/sec) without flicker and permits the use of short 
persistance phosphors. The non-interlaced mode requires 
that the full field be generated in one scan of the screen. 
This is generally better for resolution, but requires high 
field rates (60/sec) and long persistance phosphors to 
avoid flicker (Oborne 1982). 
The internal surface of the display area of the tube 
is covered with a layer of phosphor or a matrix of phosphor 
dots. When the electron beam strikes the phosphor, it 
( 
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glows with a color characteristic of that type of phosphor. 
Monochrome screens come in all colors, but generally, 
white, green and amber are most popular. Multiple-color 
CRTs can use either penetration phosphors or a shadow 
mask. Penetration phosphors can generate up to four colors 
and are used in cursive scanned displays. A shadow mask 
allows precise excitation of each color phosphor dot in a 
raster scanned display. The shadow mask is a very thin 
metal foil plate located between the electron gun and the 
phosphor screen. The plate is a matrix of holes that are 
slightly smaller than the phosphor dots they are behind. 
The mask prevents the electron beams from exciting adjacent 
dots. In this way a high resolution picture can be formed 
on a color display (Lehrer 1980). 
Types. The first and most common type is the direct-view 
refresh CRT. This type requires that the entire screen be 
refreshed, or rewritten, many times each second. The dis-
play area is viewed directly. The second type is called a 
direct-view storage CRT. In this case the electron beam 
scans the screen only once. An electrostatic field keeps 
the excited phosphors glowing. If any information is to be 
changed, the entire screen must be erased and rewritten. 
This type suffers from low brightness and short life. A 
third type is a projection CRT. This can be either a 
direct projection or a light valve. This type is generally 
only used in TVs (Chang 1980). 
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The last type to be discussed is the flat CRT. This 
may seem, at first, to be in conflict with the two display 
classifications of CRT and flat panel. The difference lies 
in the fact that a flat CRT has basically a conventional 
electron scanning beam with a high deflection angle geome-
try, whereas, the flat panel display uses a matrix address-
ing method to activate each display element. Because it is 
flat, this CRT type does provide the advantages of conven-
tional CRTs, but without the drawbacks of other flat panel 
displays (Doherty 1985). These displays are generally 
small, but some have been produced in high resolution (540 
x 720 pixels) eight-inch-diagonal displays (Lieberman 
1986a). Another way in which flat CRTs differ from conven-
tional tubes is in the location of the phosphor screen. 
Conventional CRTs excite the phosphor screen from the rear; 
flat CRTs have such extreme beam deflection angles that the 
screen can be excited from the front or rear. 
Visual Characteristics. The main photometric characteris-
tics of CRTs are contrast and luminance. There are two 
types of contrast used in CRT measurement: range and 
detail. Range contrast is the ratio of the luminance of 
the brightest part of the screen to the darkest. The 
luminance ratio of the brightest areas to the unexcited 
adjacent areas is called the detail contrast. The latter 
ratio is the more important of the two because it estab-
lishes the possible shades of gray (Lehrer 1980). 
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It has generally been accepted that the higher the 
contrast on a CRT the better. New studies have shown that 
very high contrast ratios can cause eye fatigue and even 
headaches. A comfortable, recommended contrast ratio is 
6:1 to 10:l with a minimum background luminance of 10 nits 
(Design . . 1986). 
Because of the variable nature of the voltage that 
drives the electron beam, CRT luminance can be varied over 
a wide range (Lehrer 1980). Uniform luminance over the 
entire screen is important in the light background mode. 
This means that there should normally be no dark band 
around the text area, for example. Separate foreground and 
background luminance controls can also help operators adjust 
displays to optimum viewing comfort levels (Design. 
1986) . If luminance levels differ significantly from the 
optimum, visual fatigue may occur according to Oborne 
.< 1982) . 
One non-photometric parameter to be examined is CRT 
background mode. Some CRTs provide optional background 
mode as a part of the initial configuration. In some cases 
it is accomplished in the software driver, while in others, 
it is done mechanically with a switch. Whichever method is 
used, it is important to select the background mode most 
suitable to the application. If the particular CRT being 
used is susceptible to flicker, a dark background (positive 
contrast) should be used. This mode is generally the 
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default mode for VDTs. If glare from luminaires or other 
light sources is a problem, a light background (negative 
contrast) could be better. This is especially true if the 
operator is required to look back and forth from printed 
text on white paper to the CRT screen (Oborne 1982). 
Flicker is another non-photometric parameter that is 
most prevalent in CRT specifications. The operation of the 
raster scanned direct-view refresh CRT makes this type the 
most sensitive to CFF (critical fusion frequency) consider-
ations. The regeneration, or refresh, rate must be equal 
to and generally greater than the CFF (Oborne 1982). Even 
this general recommendation may not be valid in all cases. 
Most CRTs operate with a refresh rate of 60 Hz which is 
generally considered above the average CFF. This rate came 
into question when one study found that 50% to 80% of its 
subjects reported some flicker at 60 Hz under certain 
_conditions (Costlow 1984). 
Another study discovered that a light-background 
display exhibited flicker at four times less luminance than 
a dark-background display (Grimes 1983). In applications 
where a high-luminance, light-background display is re-
quired, a high-refresh rate is also recommended. 
cases, freedom from flicker should be the goal. 
In all 
Jitter, although hard to quantify, is a non-
photometric parameter that should be minimized. Jitter is 
generally only a phenomenon of CRTs. This is because 
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slight variations in the deflection signal can cause uneven 
electron beam movement. These spatial instabilities are 
perceived as time-related movements, enlarged pixels, or 
distorted pixels. As with flicker, freedom from jitter 
should be the goal (Design. . 1986). 
According to Lehrer (1980) the two principal factors 
that determine CRT resolution are electron beam diameter 
and phosphor light spreading. He also notes that longer 
electron gun length is needed for high resolution (Lehrer 
1980). In practical terms this means that the tube must be 
deeper. Improved resolution, especially in color CRTs, 
seems to be the area where the most progress can be made in 
coming years. 
Color is a requirement that should be examined most in 
the selection of a display. CRTs provide the highest 
quality color display available for the cost. Even without 
cost as a factor, CRTs are unmatched in color presentation. 
Physical Characteristics. The most prominent physical 
characteristic of CRTs is bulkiness. In fact, CRTs require 
more space per display area than any other type of display. 
Display volume depends on face size and tube depth. Face 
size is generally only slightly larger than display size, 
which is measured diagonally from opposite corners. Tube 
depth is related to a combination of display size, deflec-
tion angle, and resolution (beam diameter). Size also 
affects weight. As the display grows larger the glass 
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envelope must become thicker to handle the pressure on the 
evacuated tube. This increased glass thickness can cause 
large displays to become quite heavy. 
Since CRTs are active displays, they require a higher 
power input. Power requirements are related to screen 
size, brightness, and color. Greater power is needed to 
illuminate larger and brighter screens. Color CRTs require 
more power than monochrome because the shadow mask reduces 
electron beam efficiency. 
The luminous efficiency of the screen phosphors can be 
as high as 70 lumens per watt, but can be as low as 20 
lumens per watt for some special types. This is based on 
the power delivered to the screen from the electron beam. 
The generation and control of the beam reduces CRT effic-
iency to between 15% and 50%. The power needed to drive 
the display requires high and low voltage regulators that 
reduce overall system efficiency to between 3% and 15%. 
Even as low as these levels may seem, they are 10 to 100 
higher than those of the early displays of 30 and 40 years 
ago (Lehrer 1980). CRTs generally die a slow death. The 
useful life is considered over when luminance is reduced 
50% from the original value. This happens in two ways. 
The first is a reduction in cathode (electron gun) emission 
and the second is a loss of phosphor efficiency (Lehrer 
1980). 
Phosphors do not respond instantly to excitation by 
the electron beam. The response time is composed of two 
parts: build-up and decay. The phosphor also tends to 
glow brighter in the center of each pixels than at the 
edge. These characteristics can also have an effect on 
resolution. The phosphor pattern on a color CRT can be 
laid out in a triangular or in-line pattern depending on 
the geometry of the electron guns and the focusing tech-
nique (Michaels 1986). 
74 
All monochrome and some color CRTs have only one 
electron gun. Color CRTs that have three guns (red, green, 
and blue) arranged in either a delta or in-line pattern. 
Electron gun configuration seems to be based on proprietary 
manufacturing design considerations. 
best. 
No one method is the 
Screen geometry varies from manufacturer to manufac-
turer as well. The most popular and inexpensive is the 
spherical faceplate. The form generally used on one-gun 
color tubes is the cylindrical screen. The latest version 
has a flat screen geometry. This new type CRT has a high 
resolution (1,024 x 760) 14 inch display area. The flat 
faceplate must be very thick to take the high pressure. 
This configuration allows the use of a flat shadow mask 
which helps improve accuracy and thermal response (Doherty 
1986b). 
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Because of the thin glass structure of the tube, a CRT 
display is not generally considered a rugged device. This 
problem can be minimized with special mounting hardware. 
Some CRT displays are used in airborne applications. 
are even used on the Space Shuttle. 
CRTs 
Test Methods. After a display is specified, it must be 
checked for conformance to parameters. According to Sherr, 
"the three most important parameters that affect CRT per-
formance are luminance, contrast ratio, and resolution. 
The first two can be determined by using a spot photometer, 
but resolution is more difficult to measure. Display and 
comparison of certain test patterns is the generally ac-
cepted method used to verify resolution." (1982, p. 234-6) 
The Committee on Electro-Optic Devices of the 
Electronic Industries Association (EIA) has developed a 
recommended set of test methods for CRTs. 
as follows. 
They are listed 
TM 105-1 Measurement Control Electrode Voltages 
in Cathode Ray Tubes. 
TM 105-2 Method of Test for CRT Raster Luminance. 
TM 105-3 Method for Measurement of Linewidth by 
the Shrinking Raster Method. 
TM 105-4 Method of Test for Pattern Distortion. 
TM 105-5 Method for Measuring Spot Position. 
TM 105-6 Method for Measuring Spurious Illumina-
tion. 
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These methods are useful in determining specification per-
formance, although some additional testing may be required 
under certain conditions (Keller 1984). 
Advantages. 
as follows: 
Bailey (1982) has listed the CRTs advantages 
High writing speed - The high refresh rate allows 
display content to be changed quickly. 
High resolution - If the application calls for 
fine display detail, CRTs are the most cost-
effective device. 
Simple addressing - The raster scanning technique 
is very easy to implement compared to the complex 
matrix addressing schemes used in flat panel dis-
play technology. 
Full color capabilities - This is available 
through the use of combinations of red, green, 
and blue phosphors. 
Full range of gray scales - Variable electron gun 
output makes this possible. 
Storage - A special CRT with an electrostatic 
faceplate is required for this capability. 
Large range of screen sizes - Conventional CRTs 
range from 1 11 to 35 11 diagonal measure. Flat CRTs 
can be found in 1.5" to 8 11 sizes. Projection CRTs 
run from 36" to several feet and larger. 
High luminous efficiency - CRTs generally are the 
brightest of all active display types. 
These are the primary advantages for CRTs. Other displays 
will have to match CRTs in these areas to challenge its 
dominance. 
Disadvantages. Bailey (1982) has also compiled a list of 
CRT disadvantages. 
Bulkiness - Size and weight makes use in some 
applications, such as portable terminals, not 
practical. 
Screen curvature - The standard CRT suffers, some-
what, from distortions caused by curved screens. 
High voltage - Special power supplies must be in-
corporated into the displays to provide the high 
screen voltage. 
Relatively delicate - The thin glass envelope used 
in the CRT requires special mounting considera-
tions for high physical stress applications. 
Maximum screen size limitations - Although screen 
sizes for conventional CRTs have reached 35 
inches, such large tubes weigh hundreds of pounds 
and are very expensive. 
These problems are important in only a handful of special 
applications. 
Summary. The CRT has been described as the workhorse of 
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displays because of its flexibility ·(Bailey 1982). Most 
display requirements can be met by CRTs (Lehrer 1980). 
Chang notes that "in the high-end displays (5000 characters 
_and up), there seems to be no other technology ready to 
replace the CRT." (1980, p. 53) High resolution CRT tech-
nology is still perceived as second-to-none for years to 
come (Biancomano 1984). One manufacturer has achieved an 
astounding 9.3 million pixels on a 19-inch-diagonal measure 
monochrome CRT (Doherty 1986c). 
The CRT is still the most cost-effective display 
available. Although it has been around in its modern form 
for over fifty years, it should not be considered a mature 
technology. Significant advances are being announced every 
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year in this so-called dead technology (Goede 1982). Sherr 
(1979) notes that "the demise of this class of device, 
although often predicted, is still far from showing any 
sign of being consummated. 
LCD 
According to Sherr, liquid crystal displays contain 
"materials that, though liquid in form, exhibit some of the 
ordered molecular arrangements found in crystals." (1979, 
p. 186) In other words liquid crystals are materials whose 
state is a phase between solid and liquid. These materials 
are organic in nature. 
Liquid crystals have been chemical curiosities since 
the last century, but it was not until 1964 that their 
electro-optical properties were discovered by scientists at 
the RCA Laboratory. The characteristics they uncovered 
included the guest-host, dynamic scattering, and phase-
transition storage effects (Chang 1980). The initial 
results of the investigations .carried out at RCA were 
published in 1968. One focus of the report was the poss-
ible application of liquid crystals in display devices 
(Weston 1978). 
Operation. In display applications the liquid crystal 
material is placed in a very thin film between two trans-
parent electrodes bonded to a glass substrate. An applied 
electric field causes the molecules in the liquid to move 
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from a random orientation to an ordered one. This chinge 
in orientation produces a visible effect in the materials. 
The exact change depends on the composition and structure 
of the liquid crystal and the type of effect. Since the 
visual change is caused by the actual movement of parti-
cles, the effect can be slow (Weston 1978). 
Types. There are three basic LCD structures: nematic, 
smectic, and cholesteric. The physical orientation of 
these three types is shown in Figure 12. In nematic liquid 
crystal materials, the rod-like molecules line up parallel 
to one another. Smectic materials show alignment along all 
oooDo 0oo 
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Figure 12. Physical Orientation of liquid Crystal 
Structures. (Weston 1978, p. 1083) 
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three axies. The cholesteric liquid crystal materials, 
some of which are actually derived from cholesterol, have a 
structure where the alignment of the molecules are twisted 
about an axis in a spiral fashion (Weston 1978). 
All liquid crystal display technologies are derived 
from the three basic structures. The different display 
types include dynamic scattering, twisted-nematic, phase 
change, cholesteric memory, guest-host, dichoric, ferro-
electric, and supertwisted birefringence-effect. Not all 
of these display technologies are commercially available 
and some may never be seen outside a laboratory. 
The dynamic scattering LCD was the first type to be 
marketed. It was used for wristwatch displays in the mid-
seventies. It is a current driven device with a 15 to 30 
volt threshold. The display is driven by an AC squarewave 
voltage in the 25 to 500 Hz range. It has moderate switch-
ing times in the 20 to 200 millisecond range and the appear-
ance change is from clear to cloudy. The display requires 
a reflective background that gives it generally poor con-
trast. Very few applications exist today for this display 
type. (Weston 1978). 
The most common LCD type in use today is the twisted-
nematic (TN). This device is field driven and has a five 
volt threshold. It has moderate switching times in the l0 
to 200 millisecond range. The appearance change is from 
light to dark. The display can be transmissive with a 
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lighted background or absorbtive with a reflective back-
ground. The 90 degree twist that is induced in the mater-
ial structure requires polarizers to make the dark areas 
visible. The display has moderate contrast and a poor 
viewing angle (Knebusch 1984). 
The phase change LCD is also field driven, but has a 
100 volt threshold. Switching times are considered fast 
(30 to 100 microseconds) with a cloudy to clear appearance 
change. 
Cholesteric memory displays are current and field 
driven with a 20 to 50 volt threshold. Switching time is 
30 milliseconds and the appearance change is from cloudy to 
clear. Both states are stable. Another cholesteric dis-
play is the guest-host LCD which is field driven and has a 
20 volt threshold. Its main appearance characteristic is a 
color change (Weston 1978). 
Some developing LCD technologies hold great promise of 
improved visual characteristics. Dichroic displays use 
dyes that furnish an opaque, light-blocking layer. They 
are characterized by light pixels on a dark background and 
generally have a wider viewing angle than twisted-nematic 
types (Newhart 1985). Another developing technology is the 
ferroelectric LCD; sometimes called smectic C. The display 
is bistable and has very good contrast and viewing angle 
characteristics. Switching times are 100 to 1000 times 
faster than the twisted-nematic LCD. This type has a good 
chance to become the first large screen LCD with quality 
comparable to normal television grade CRTs (Bindra 1985a; 
Sakurai 1985). 
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The star of the new LCDs is the supertwisted bire-
fringence-effect display; also referred to as super TN or 
SBE. This type is very similar to the twisted-nematic LCD 
except that instead of a 90 degree twist, as in the TN 
display, the SBE display twists its molecular structure 180 
or even 270 degrees. This produces better contrast (1.5 to 
2 times that of a TN display) and a wider viewing angle. 
Several manufacturers have already incorporated this tech-
nology into their lap-top computers with excellent results 
(Sakurai 1985; Lieberman 1986b). 
There are some variations in these display types to 
enhance contrast or add color. These include active ma-
trix, non-linear resistance, and several different methods 
for generating color displays. 
The active matrix concept involves the use of thin-
film transistors (TFT) at each pixel location to improve 
picture quality (Lieberman 1986b). This method gives in-
dividual control over each display element and separates 
the display function from the addressing function. The 
optical performance of the LCD is greatly improved in the 
areas of contrast, viewing angle, and response time 
(Knebusch 1984). 
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Non-linear resistance (NLR) technology has also 
emerged as a viable method for improving LCD picture qual-
ity. It has individual pixel control through the use of 
ring diodes formed at each element. Simple construction 
techniques allow a big cost advantage over active matrix 
types. This technology is so promising that its inventor 
has been nominated for the Nobel Prize. The first large 
screen LCDs may use this method (Doherty 1986a). 
The achievement of a full-color liquid crystal display 
has been difficult. Most color LCD attempts have met with 
mixed results and limited success. Because color requires 
three times the number of pixels to achieve the same reso-
lution as a monochrome display, color LCD applications have 
been limited to low resolution TV. Although color LCDs are 
expensive, they have the same problems as their monochrome 
counterparts: low contrast, narrow viewing angle, and low 
_brightness (Knebusch 1984). 
There are three present methods for generating color 
liquid crystal displays. The first method uses red, blue, 
and green filters. This traditional technique requires the 
use of materials that become transparent when active. The 
pixels are joined ip groups of three to form a color triad. 
This is very similar to color CRTs. A backlight is re-
quired to provide illumination through each color filtered 
pixel. This method indirectly transforms the LCD from a 
passive to an active display. The second method uses an 
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LCD as a light shutter for a CRT. The LCD pixels control 
light from the CRT to allow it to be passed through fiber-
optic elements to a display surface. The last color LCD 
technique uses what is called the guest-host cholesteric-
nematic display. This LCD operates in a phase-change mode 
and provides a much brighter display. It uses an active 
matrix to improve picture quality (Lieberman 1985b). 
Visual Characteristics. Contrast is the most important 
photometric characteristic of liquid crystal displays. 
Most LCDs have poor contrast ratios. With the more popular 
types, the contrast varies with the viewing angle. Mechan-
ical or electrical display adjustment is often required to 
produce a viewable display (Barna 1976). 
Since the primary mode of operation of LCDs is pass-
ive, reflectance is the term with the most meaning for 
light modulation characteristics. LCD work best under high 
_illumination, but an internal front light can be used with 
good results under poor illumination conditions (Snyder 
1984) . 
Luminance is a term not normally used in reference to 
LCDs because they give off no light of their own. In cases 
where proper external light sources are intermittent or not 
available, backlighting can be the answer (Newhart 1985). 
Some manufacturers have added backlighting on LCDs for 
their portable terminals to compensate for poor contrast 
and viewing angle (Lieberman 1986b). Backlighting should 
85 
be used with care. One study showed that backlit LCDs 
adversely affect user's reading accuracy, particularly when 
viewed off-angle (Payne 1983). 
Viewing angle is generally a big problem with liquid 
crystal displays. The voltage applied to the display has a 
direct effect on viewing angle. This parameter is also 
affected by the level of illumination (Newhart 1985). All 
of these factors make comprehensive testing of viewing 
angle very difficult (Barna 1976). 
Flicker is generally not a problem with LCDs because 
of the persistence of the display and the high refresh 
rate. Non-multiplexed displays will never exhibit visible 
flicker. 
Physical Characteristics. One of the basic properties of 
liquid crystals is temperature sensitivity. Strips of 
liquid crystal material are used today to measure tempera-
ture. This same property limits the useful operating temp-
erature range of liquid crystal displays. Operating at 
higher temperatures lowers writing speed trem~ndously 
(Newhart 1985). 
LCDs are generally considered rugged devices even 
though their main components include two thin glass sheets. 
Device reliablity and lifespan have improved greatly over 
the past few years. New glass frit seals and more stable 
liquid crystal materials have been largely responsible for 
the improvement (Chang 1980). 
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Advantages. The main reason for the rise in the popularity 
of LCDs is the value that they provide. The user gets an 
adequate display for a very low cost. The display is 
nearly perfect for portable applications. It consumes very 
little power along with its ruggedness, slim profile, and 
good viewability under outdoor, high-ambient light condi-
tions (Weston 1978). 
Disadvantages. Poor contrast and narrow viewing angle are 
the most serious problems with LCDs. Slow response time, 
especially on multiplexed displays, limits its use in 
applications that present image motion, such as television. 
Matrix addressing is more difficult with larger screens. 
As LCDs get larger they become very expensive and hard to 
build. The polarizing filters required on some types of 
LCD cause the background to look gray and reduces contrast. 
The last disadvantage of liquid crystals is their tempera-
_ture sensitivity; ·although this concern has been reduced 
over the years with new materials and techniques (Snyder 
1984; Wilson 1985). 
Summary. Good applications for liquid crystal display 
include terminals with limited display needs and portable 
equipment. Because of their very low power consumption, 
they are now the display of choice for battery-supported 
equipment (Sherr 1982). 
A study was conducted by the Human Factors Division of 
British Telecom to determine the readability of liquid 
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crystal displays under different conditions. The author of 
the report, S.J. Payne, recommends an order of priorities 
in the application of LCDs. 
"To minimize errors. . maximize character sub-
tense (visual angle subtended by each character), 
minimize backlighting, minimize viewing angle, and 
maximize ambient light levels." (1983, p. 189-190) 
These recommendations follow very closely what any 
designer would do to overcome the disadvantages of liquid 
crystal displays. He also recommends that if LCDs are to 
be used under variable ambient light conditions, an adjust-
able backlight or a different display type, such as LED, be 
used instead. One other study suggests that liquid crystal 
displays are not appropriate for particular applications, 
such as point-of-sale (POS) terminals (Hoffman 1983). 
Other opinions hold that future applications for LCDs 
will be more numerous. Of all present flat-panel technolo-
gies, LCDs have the greatest promise of replacing the CRT. 
First, it has the best contrast under high ambient light 
conditions, like outdoors. It can run continuously under 
battery power for long periods of time. The cost of manu-
facturing continues to drop. 
pleasing (Snyder 1984). 
Lastly, it is aesthetically 
able. 
The increase in applications for LCDs has been remark-
In a little over ten years, these displays have 
virtually taken over the market in portable equipment and 
according to Shapiro the future looks bright as well. He 
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notes that "research analysts differ widely on numbers, but 
agree that market growth for liquid crystal devices will be 
explosive over the next several years." (1985, p. 90) With 
the improvements that are being made in existing LCD tech-
nologies and the exciting new types being introduced, it is 
reasonable to conclude that liquid crystal displays will 
become as popular as CRTs. 
LED 
The light emitting diode (LED) is a simple p-n junc-
tion semiconductor device. It falls into the category of 
electroluminiscent devices. These devices are classified 
under two junction types: homojunction and heterojunction. 
The LED is a homojunction device. The heterojunction de-
vices have a more complex structure and will be covered 
later in the section on electroluminiscent displays. Both 
types are called electroluminiscent because they emit light 
upon the application of an electric field (Weston 1978; 
Sherr 1979). 
It was o.v. Losev who discovered p-n junction light 
emission in sic in 1922 (Chang 1980). Not much work was 
done in this area until the mid-sixties. In 1968 the first 
commercial LED products entered the marketplace (Gage 
1977) . Since that first introduction, LED displays have 
found many applications. 
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Operation. LEDs function just like other diodes except 
that the materials used in the junction have a suitable 
energy gap between the valence and conduction band to cause 
the emission of light when the device is forward biased. 
Minority carrier injection occurs, resulting in electron-
hole recombination. This recombination is not always radi-
ative. According to Craford, "the primary objective in LED 
technology is to maximize the light output by increasing 
the probability for radiative recombination and decreasing 
the probability for nonradiative recombination." (1977, 
p. 935) 
Types. LED types are known mainly by the chemical name of 
the semiconductor compounds that form the junction. Each 
compound has different light emitting characteristics. The 
number of junction materials suitable for LED applications 
is increasing. The most common type is GaAsP. Its red 
color is the hallmark of most LEDs. It dominates the 
market because of its brightness and very low cost. A new 
generation of devices is now entering the market with the 
more efficient GaAlAs technology. These LEDs can produce 
the same luminance level as the older GaAsP devices with 
half the current (Chin 1985b). Some other materials used 
for LED junctions include GaP, InGaP, sic, and GaN 
The color of light emitted by an LED is determined by 
the substrate materials and the doping of the materials in 
the junction. The two most available colors are red and 
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green. Red LEDs are the brightest, lowest cost, most 
popular and most reliable of the two. Other colors include 
yellow, orange, and blue. The blue LED is the hardest 
device to make. It is the critical component necessary for 
an LED matrix color TV, unfortunately, they are very rare 
and expensive (Chin 1985b). 
There are two types of LEDs that are used for non-
display purposes. The first is the laser diode. It is 
monochromatic and coherent. This makes it very suitable 
for applications in fiber-optic communications and laser 
disc players; both audio (compact disc) and video (laser 
disc) types. Infrared LEDs emit light outside the visible 
spectrum, but have found applications in security bar code 
readers and sensor devices. 
Visual Characteristics. The luminance of LEDs is generally 
only moderate in level and is dependent on color and junc-
tion composition. Contrast ratios for LED displays are 
good but generally require enhancement. Some of the meth-
ods used to accomplish this include reducing ambient light 
levels (sometimes a hood is required), limitation of view-
ing angle (recess the display), and the use of special 
filters. Filtering is the most common method of increasing 
LED contrast. This is implemented with either selective 
wavelength (indoors) or louvered (outdoors) filters. Most 
new LED displays have selective wavelength filters built 
into the units (Gage 1977). 
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The viewing angle of an LED device depends on the 
structure of the plastic housing that is molded around it. 
In point-source devices the lens is clear (except for a 
color filter material added to increase contrast); this 
limits the viewing angle to less than 45 degrees. Lenses 
used in some other LED devices are diffused to increase the 
viewing angle to greater than 45 degrees (Chin 1865b). 
Flicker is generally not a problem with LED displays. 
No flicker is possible when the devices are forward biased 
continuously and even in a multiplexed mode used with dot-
matrixed LED displays, the refresh rate is much too fast to 
cause this problem. 
Physical Characteristics. LEDs by nature are point sources 
of light. This means that the packaging must change to 
suit the application. These devices can be made with 
individual molded lenses, or formed into a seven-segment or 
dot-matrix displays. 
The luminous lifespan of an LED device is generally 
related to the color, material, and operating current 
density. The color rate differences (with red having a 
longer life) can cause problems when different color LEDs 
are used in the same display. This can also cause inter-
segment and inter-device differences with displays of the 
same color. This has become less of a concern in the last 
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few years with improved fabrication methods and materials. 
Display reliability is generally considered good, although, 
loss of a segment can still be a problem on larger displays 
(Craford 1977). 
Advantages. LEDs operate at very low voltages; generally 
one to two volts. They come in numerous package styles and 
are easy to incorporate into designs. 
Disadvantages. Although they are more efficient than some 
other display technologies, LEDs have a high power consump-
tion rate. This limits their usefulness in some battery-
powered equipment. Their moderate luminance levels usually 
make them unsuitable for outdoor use. Although LEDs are 
cost effective for small display applications, they are 
very costly when used in large arrays. 
Summary. LED technology is considered mature in as much as 
no major breakthroughs are expected to change the basic 
characteristics of the device. The display applications 
are limited to some multi-digit and small dot-matrix 
arrays. Their main use will continue to be status indica-
tors; a job for which they are well suited and have little 
competition. 
Plasma 
Plasma displays, produce light as a result of a gas 
discharge. They are fabricated from two glass plates 
separated by a gas-filled gap. The plates have horizontal 
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and vertical electrodes covered with a dielectric material. 
All internal materials are transparent, with the possible 
exception of the back electrode. The horizontal and verti-
cal electrodes form the display matrix. The gas is a neon-
argon mixture that is kept inside the two glass plates by a 
gas-tight seal around the edge (Engibous 1983; Knebusch 
1984). 
Plasma displays have been around for decades in the 
form of neon signs. Early commercial plasma display pro-
ducts were small neon indicators used in coffee pots, 
waffle irons, etc. These devices were the LEDs of their 
day and are still popular in similar applications. The 
Burroughs Corporation was a prime developer of this tech-
nology. The first true display device of this type was the 
so-called "nixie" tube (Plasma. . 1985). It was manu-
factured in the early 50's. These devices were in-line, 
formed-character, glowing-anode, neon gas-filled tubes. 
Any alphanumeric or special character could be formed for 
display use, but the wire forms were unchangable once the 
device was fabricated. The characters were placed one in 
front of the other and excited individually through each 
pin of the tube. 
The Panaplex II was the first digital plasma display. 
It was introduced in late sixties by Burroughs. It was a 
seven-segment, numeric-only display that was first used in 
large calculators. This was followed in the seventies by 
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another Burroughs product called the Self-Scan. This 
device was a one or two line, dot-matrix, alphanumeric 
display. Large dot-matrix plasma displays were introduced 
in the late seventies. Up to this time, such large panels 
had been difficult to fabricate at a reasonable cost. Also 
at this time, other manufacturers entered the field. 
Burroughs eventually stopped production of plasma displays 
in the early eighties. 
Operation. The matrix formed by the horizontal and verti-
cal electrodes is scanned by a high-voltage signal in a 
sequence to form a raster-scan display. The signal voltage 
can be either AC or DC and is generally around 200 volts. 
When the voltage is applied to the junction of the elec-
trodes, the gas gives off a familiar orange-colored neon 
glow. When the voltage is removed the discharge ends 
(Sobel 1977) . 
Types. There are three classifications of plasma displays: 
AC, DC, and AC/DC. The AC plasma display was first re-
ported in 1964. It has a simple structure where the gas is 
separated from the electrodes by a dielectric coating. The 
AC pulses that drive the screen operate at 50 kHz. These 
pulses are always present to sustain the discharge. A 
discharge is stimulated by a larger start pulse at the 
pixel location. once started the capacitance at the junc-
tion keeps the discharge going. This "memory" is a useful 
feature of the display. A smaller stop pulse is required 
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to shut off the discharge. AC plasma panels can be made 
vary large (Peterson 1983). AC panels can also be used in 
a non-memory mode if the sustaining pulses are not used 
(Sobel 1977). 
The DC plasma display was the first of this type pro-
duced. The "nixie" tube is a DC plasma display. In this 
type the electrodes are not separated from the gas by a 
dielectric. When a DC voltage is applied, the discharge 
glow begins. The glow stops when the voltage is removed. 
DC plasma displays also can operate in a memory mode. The 
memory is not inherent in the display panel, but must be 
built into the drive circuitry. This means that the screen 
must be continually refreshed. To avoid flicker the re-
fresh rate must be very fast. This limits the practical 
size of the panel matrix to less than 300 dots per row 
(Peterson 1983). Gray scale is easy to achieve with DC 
_plasma displays and only recently achieved with an AC type 
(Bursky 1986). New research into active-matrix DC plasma 
displays may help produce larger arrays (Chang 1980). 
The AC/DC plasma display is a hybrid device which 
tries to combine the best aspects of the first two types 
(Goede 1982). In this type the DC voltage is used to 
"prime" the cell and start the discharge. The AC voltage 
sustains the discharge. These panels were first used in 
the Burroughs Self-Scan plasma display (Peterson 1983). 
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Characteristics. The maximum luminance of a plasma display 
is generally adequate for indoor use. The device is not 
bright enough for using outdoors. The contrast is general-
ly very good, although, some filtering is required (Snyder 
1984) 
The color of the plasma display is mostly the orange 
color that is characteristic of the neon gas mixture. 
Recent developments have shown that with certain techniques 
a multicolor display is practical (Hi-Res. . 1986). 
Flicker is possible on DC plasma displays if the refresh 
rate is too low. 
Plasma panels, by their nature, are flat. Some models 
are only two centimeters thick. Although most DC types are 
small, some AC panels are very large. The very large 
displays can also be very heavy. They are generally con-
sidered rugged, but larger glass panels could crack if 
abused. 
Advantages. The plasma display has a pleasing cosmetic 
quality. The device has an extremely linear and stable 
image geometry. The flat package makes it easy to incor-
porate into designs (Snyder 1984). 
Disadvantages. Its high voltage and high power require-
ments make it unsuitable for battery-powered, portable 
equipment. The single color of its light output makes it 
available only for monochromatic display applications. One 
of its biggest drawbacks is the high cost to produce this 
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display. This mostly limits it to military applications 
for the larger panel sizes (Wilson 1985). 
Summary. The display works well in both text and graphics 
modes, but one study has shown that random cell failures 
will slow the read rate (Abramson 1983). New ways to 
package plasma displays are still being developed, includ-
ing a new version of the "nixie" tube (Two. . 1985). At 
this time the plasma display is the main challenger to the 
CRT for large alphanumeric applications. One military 
version has been made with a 1.5 meter diagonal-measure 
screen. If the device is to have better success in smaller 
display applications, the cost must come down and full 
color displays must become available. 
Vacuum-Fluorescent 
The vacuum-fluorescent (VF) display is a very close 
relative to the CRT. Like the CRT, the VF display uses 
electrons emitted from a cathode to excite a phosphor 
coated anode. The display was developed in Japan and first 
marketed by Ise Electronics in 1967. Prior to the emer-
gence of practical LCDs, the VF display enjoyed widespread 
use in the portable, battery-powered calculator market 
(Kiyozumi 1976). 
Operation. The VF display operates on the same principle 
as the triode vacuum tube. Unlike the CRT where the elec-
trons are generated in a cathode electron gun and directed 
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in a controlled stream (or beam) to the anode screen, the 
VF display uses a barely visible glowing wire cathode to 
generate the electrons which are controlled by an ornathog-
onal grid between the cathode and the anode. Application 
of a specified grid-to-anode voltage causes illumination of 
the point where the grids cross the anodes. Operating 
voltage usually does not exceed 75 volts (Knebusch 1984). 
Characteristics. The VF display is moderately luminous and 
has good contrast if properly filtered. The refresh rate 
on multiplexed displays is fast enough to prevent visible 
flicker. The most common phosphor coating used in VF 
displays gives off a greenish-blue color. There is some 
work underway to develop a multicolor version, but no 
practical devices are available (Wilson 1985). The pack-
aging provides a flat, easily mountable device. Power 
consumption is considered moderate. 
Summary. _The advantages of this display include its well 
established technology, pleasing aesthetics, and easy inte-
gration into electronic equipment. Its disadvantages in-
elude higher cost, complex structure, and phosphor memory. 
This last disadvantage may cause problems in some 
applications where the same image is displayed most of the 
time. This phenomenon of phosphor memory on VF displays is 
very similar to the "pong" effect on monochrome TVs. Some 
early video games would actually "burn" an image into the 
screen that could be seen even when watching other 
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programs. In the case of VF displays, it is the normally 
unilluminated pixels that lose brightness when first acti-
vated. Fortunately it is only a temporary problem that 
will correct itself after a few minutes of illumination. 
Creative display programming can reduce this effect. 
Because of cost considerations, the VF display has 
been limited mostly to small panel applications. Graphics 
use has not been a strong point of these devices because of 
problems of reliability (Wilson 1985). The display is 
still well accepted for 40 to 80 character, alphanumeric 
applications. 
Electroluminescent 
Howard defines electroluminescence (EL) as "a bulk 
phenomenon, discovered in 1936 by [Georges] Destriau, in 
which light is produced more or less uniformly in a mater-
ial by the application of a strong electric field." (1981, 
p. 47) In theory it simply means that it is a method 
whereby an electric field stimulates the production of 
light. 
Its inventor, Destriau, originally called the effect 
electrophotoluminescence and reported in detail on the 
subject in 1947. By 1949 Sylvania had introduced EL lumi-
naires called Panelescent Lighting. The devices never were 
bright enough to provide adequate lighting for a reasonable 
period of time and were discontinued. Some examples of 
this technology still exist as small, flat, TV-shaped, 
green-color "nite lights" found in homes all across the 
nation (Tannas 1986). 
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The first patent for an EL display was issued to a 
Sylvania engineer in 1955, but the first practical device 
was not demonstrated until 1974 by Sharp Electronics of 
Japan. Lack of reliable high-voltage drivers had held back 
progress in the field until then. Today high-resolution EL 
displays are available from several sources (Tannas 1986). 
Operation. This device is very similar to plasma displays 
in construction except instead of a gas filled layer be-
tween the electrode matrix, the EL display has a solid 
material sandwiched between insulating layers. This forms 
the type of heterojunction semiconductor that was discussed 
briefly in the section on LEDs. The layers are transparent 
except for possibly the back electrodes. 
A signal of between 100 and 200 volts is applied 
across the electrodes to create an electrical field. The 
electroluminescent material glows when enveloped by the 
field. A gray-scale can be achieved by changing the vol-
tage which in turn varies the electric field and the inten-
sity of the glow (Knebusch 1984; Engibous 1983). 
Types. There are two basic types of EL displays: powder 
and thin-film. These two types fall into two categories: 
AC and DC driven. 
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The AC powder EL display was the type discovered by 
Destriau (Chang 1980). Its initial use was for illumina-
tion. It has a simple structure, but is really only useful 
in backlighting of LCDs and other low-luminance applica-
tions (Tannas 1986). AC thin-film devices, on the other 
hand, have a very promising future in the display field. 
The nonmemory version is already in production and it has 
the possibility of multicolor and gray-scale in the near 
future. The memory version of this device is still in the 
research phase (Tannas 1986). 
Both types of DC driven EL displays are still in 
development. One advantage a DC driven EL display could 
have is low cost. This is because of ease of fabrication 
and moderate operating voltage requirements (Chang 1980). 
The DC powder version is more likely to become a commer-
cially available device than the thin-film device. The DC 
. powder display has multicolor capability and high effi-
ciency. The DC thin-film display has uniform brightness 
but a short lifespan (Tannas 1986). 
Characteristics. Most EL displays have only low to moder-
ate luminance, but generally very good contrast. Because 
they are made from a solid amorphous material, the light 
generated is scattered uniformly over each pixel. This 
characteristic provides for a very good viewing angle. The 
high refresh rate eliminates flicker. 
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Full color EL displays are not yet a reality. One 
limitation in this area seems to be the lack of high-
efficiency blue phosphors (Biancomano 1986). Some experts 
believe that full color will eventually be commercially 
feasible (Bindra 1985c). While full color devices may not 
be available, some companies have prototypes of multicolor 
large matrix (320 x 240) displays using red and green 
phosphors (Bindra 1986c). 
The physical nature of EL displays is very strong. 
Because there are no delicate spacings or glass plates, 
these devices are very rugged. They can operate in liquid 
nitrogen or in a hard vacuum with no ill effects. Their 
flat packaging and low power consumption make them ideal 
for portable terminals. They can ev·en be packaged to be 
readable in direct sunshine (Tannas 1986). 
Advantages. Although these devices require high voltage 
. drivers, their power needs are low, therefore, battery 
operation is a possibility. AC powder EL backlights are 
already in wide use to provide illumination for LCDs in low 
ambient light applications. It should be remembered that 
EL backlights in continuous use have relatively short life-
spans, however, the useful service of the devices can be 
extended if they are activated only when needed (Peterson 
1983). The EL display with the longest life is the AC 
thin-film type. EL displays have good contrast and viewing 
angle. They also have the capability of displaying 50,000 
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bits of alphanumeric and graphic data (Vecht 1981). These 
devices, because of their rugged nature are well suited for 
harsh environments. 
Disadvantages. According to Tannas, "EL panels without 
some pixel defects are rare." (1986, p. 41) He also says 
that most of the defects are minor and can be kept to an 
acceptable minimum. His main concern is with what has been 
called the "Pong" effect, that is, loss of pixel luminance 
with use. This can be reduced with the software technique 
of shifting the image a few pixels up and down, and left 
and right over several hours of operation. This movement 
is too slow for an operator to notice, but will extend 
display life and virtually eliminate image retention. 
Like plasma displays, electroluminescent devices re-
quire complex, high-voltage drive circuitry (Bindra 1985a). 
Requirements for the high-modulation, write, and refresh 
voltages have placed heavy demands on semiconductor tech-
nology and in general have held back progress in the field 
(Wilson 1985). The primary drawbacks to this technology 
are cost and color limitations (Snyder 1984). 
Summary. This is a slowly maturing technology. All four 
types of electroluminescent displays will eventually find 
useful applications. AC thin-film EL displays are now 
ready for commercial use. AC powder EL backlights are an 
industry standard for LCD illumination. DC powder EL types 
hold the best potential for full color while DC thin-film 
EL displays, although still short-lived, may eventually 
have the lowest cost of the four (Howard 1981). 
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One new development is the DC thick-film EL display. 
This technology could provide the high visual quality of 
the AC thin-film type with the low cost of a liquid crystal 
display (Dixon 1985). AC thin-film displays have reached a 
point in their development where they can match the resolu-
tion of a CRT in a computer monitor application with a full 
25 row by 80 column (640 x 200 pixel) screen. A resolution 
of 83 lines per inch and a 2:1 aspect ratio provide these 
new displays with superior graphics and alphanumeric cap-
ability (Bindra 1986b). 
Because of their high cost, but rugged nature, EL dis-
plays are mainly used now for military applications. Only 
future developments can take these devices from the battle-
field to the office. 
Electrophoretic 
The electrophoretic display (EPD), or the electrophor-
etic image display (EPID) as its Japanese developer first 
called it, is based on the phenomenon of electrophoresis 
(Ota 1973). This effect was discovered in 1807 by the 
Russian physicist F.F. Reuss. Electrophoresis is the mi-
gration of suspended or dissolved, charged particles when 
an electric field is applied to the liquid containing them. 
The effect was first used by Swedish biochemist Arne 
Tiselius in 1937 (Werner 1986). The effect is so well 
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understood that one can usually find exhibits and demon-
strations of electrophoresis at high school science fairs. 
Today it is used mainly in biochemical analysis. Experi-
ments that separate drug components in a weightless envir-
onment using electrophoresis have flown repeatedly on the 
Space Shuttle. The first electrophoretic display patent 
was issued in 1971 and some experimental displays were 
reported in 1973 (Werner 1986). 
Operation. By its nature the EPD is a passive display. 
The device is deceptively simple to build. Two parallel 
glass plates hold a solution between them with a seal 
around the edge. The glass plates have transparent elec-
trodes bonded to the inside surface. The solution contains 
polarized pigment particles. When ah electric field is 
applied between the electrodes, the charged particles move 
to one of the plate surfaces. The particles are a differ-
ent color from the solution that contains them, therefore, 
a high contrast area develops between the areas where the 
particles converge and the surrounding liquid. Depending 
on the solution components, the display areas can turn 
light or dark. The display has an inherent memory because 
the pigment particles remain against the plate after the 
field is removed {Ota 1973). 
Types. Matrix EPDs have one of two structures: direct and 
active. Direct matrix eletrophoretic displays have a more 
simple construction and lower cost. They have an 
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ornathogonal electrode array of rows on one plate and 
columns on the other. Active matrix EPDs are basically the 
same, but have an active element at each pixel. This is 
the same thin-film transistor (TFT) technology that is 
being used to improve the display characteristics of LCDs 
and other flat-panel devices (Chang 1980). Seven-segment 
EPDs were the first type to be fabricated and are probably 
the only type that would ever be produced. 
Characteristics. These devices have very good contrast and 
reflectivity. They are not troubled by flicker but have a 
somewhat slow response. Full color potential does not 
exist with present designs. The displays can be made very 
thin and consume very little power. Their bistable nature 
gives EPDs the ability to hold an image indefinitely. 
Advantages. Because of their thin profile and low power 
consumption, they would be ideal for battery-powered, port-
. able equipment. Since the display is non-volatile, no 
refresh circuitry is required. These displays come very 
close to the ideal passive display that would resemble 
printed text on paper. 
Disadvantages. The fundamental problem with this technol-
ogy is the chemical stability of the suspension. Over time 
the pigment particles come out of suspension or agglomerate 
(clump together) (Werner 1986). Other chemical problems 
include electrolysis and electrode etching (Chang 1980). 
The devices also lack a fixed threshold and have a slow 
response time. 
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Summary. Electrophoretic displays are clearly an idea that 
has not yet worked out. These devices have been in devel-
opment for nearly two decades without the introduction of a 
single commercial product. Although some of the major 
problems have been solved, the introduction of new technol-
ogies, such as the SBE-LCO, have caused many companies to 
abandon the concept (Werner 1986). 
Electrochromic 
The electrochromic display (ECO) is based on the elec-
trochemical effect of electrochromism. This phenomenon is 
not well understood, but is generally defined as a color 
change in a material caused by an applied electric field or 
current (Chang 1975). The effect was first observed in the 
'30s and the first display was reported in 1969 (Chang 
1980). 
Operation. The ECO is a passive device constructed of or-
ganic or inorganic, solid, amorphous materials. An elec-
tric field is applied to the compounds which, through a 
chemical redox reaction, change from white to blue or 
purple. The cell thickness requires a trade-off between 
response time and optical density (Arellano 1978). The 
materials have some color retention, but generally require 
refreshing to maintain an image. 
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Characteristics. The electrochromic display is non-
luminous and gives good contrast. The display also has a 
wide viewing angle and no observable flicker. It can be 
packaged in a flat design and has very low power consump-
tion (Weston 1978). 
ECDs have very low operating voltage (2 volts) and low 
current requirements. This would make it suitable for 
battery operation. The thin profile would lend itself to 
easy design incorporation. It has a pleasing appearance 
and a potentially low cost. 
These displays have a slow response and generally 
depend on natural decay for image erasure. The devices 
have short lifespans and suffer from the effects of elec-
trolysis and chemical fatigue. 
Summary. The electrochromic display is still a very im-
mature technology, but major improvements have been made in 
the past few years. There has been a resurgence of inter-
est in the technology in Japan (Biancomano 1986). Most of 
the new development has been toward large "tote-board" size 
displays. It is unclear if this technology will eventually 
be ready for more conventional small screen applications. 
Other Displays 
There are new technologies yet to be fully developed 
in the display field along with refinements of older, more 
traditional types. 
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Magneto-optic. This new, passive-display technology has 
been reported to be ready for commercial introduction. 
Magneto-optic displays are very similar to magnetic bubble 
memories in construction. The magnetic bubbles are used as 
light valves. This is very similar to the method used in 
LCD color TVs. Although the display elements are non-
volatile, slow response time would limit use in moving 
image applications. At this time the devices have been 
found only in prototype military equipment. One company 
has produced an experimental 256 x 256 dot-matrix display 
and hopes to increase screen size by combining smaller 
modules (Bindra 1985b). 
Incandescent. Displays using glowing filaments have been 
used in electronic equipment for decades. The most common 
digital type uses a rear projection technique. Each dis-
crete display character has its own film facsimile, lamp, 
and lens system. The characters are projected, one at a 
time, on a small translucent screen. Some incandescent 
displays are arranged in a seven-segment pattern that is 
similar to other small flat-panel types (Weston 1978). 
The principal application for incandescent lamps has 
been, and still is, status indicators. Although they do 
draw more power than other types, such as LEDs, they have 
the advantage of high luminance at a very low cost. Their 
only moderate reliability is compensated somewhat by an 
ease of replacement. 
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Electromechanical. These displays depend on a physical 
change of position or orientation of the individual ele-
ments to change the image. This motion is induced by the 
action of a magnetic field. The most common display of 
this type is a "flap-board" design used on tote boards. 
The passive displays are bistable and require power only to 
rotate or shift those elements that change for the next 
image. The ideal application for these devices is for very 
large outdoor displays. They offer high contrast for a 
reasonable cost. Some of the new display ideas in this 
field include micro coils and very small, rotating spheres 
(Bindra 1985b). 
Summary 
The displays in this section have been covered in 
roughly the order -of importance that they play in present 
design. Selection of a particular device depends on its 
display characteristics and how well it matches the in-
tended application. 
Comparisons 
As mentioned previously, display technologies can be 
roughly divided into two groups: CRTs and flat-panels. 
The CRT is the more traditional display for computer and 
data terminals, but flat-panel devices offer some func-
tions that make them more suitable in certain applications. 
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A comparison of these two types is useful in a preliminary 
determination of display options. 
CRTs 
Portable, battery-powered equipment applications for 
conventional CRTs is virtually non-existent. These devices 
are generally too heavy and bulky to be incorporated into 
light weight or "lap top" equipment. The delicate nature 
of the glass envelope and its heavy power requirements also 
limits CRTs to stationary duty. Some CRTs were used in 
early "toteable" personal computers, but the latest ver-
sions of these devices have all but eliminated them. 
Although they may not be suitable for portable pro-
ducts, CRTs have many advantages for other applications. 
These devices give the best value in large, high-resolution 
displays. They come in a wide range of sizes in both 
monochrome and color. CRTs also have the most simple 
matrix addressing scheme. These displays have a well un-
derstood technology and a proven track record. Some in the 
industry believe that CRT sales and development will con-
tinue to outpace flat-panels (Snyder 1984). 
Flat-panels 
This display technology is ideal for portable applica-
tions, but generally cannot match CRTs for large, stationary 
display designs. Some flat-panel problems include undesir-
able visual characteristics, complex matrix addressing 
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requirements, and high cost for larger array sizes. 
Visual parameter measurements are not always easy to make 
on some passive flat-panel displays (Sherr 1982). Device 
drivers are more complex to build (Bindra 1986a) and con-
nection problems can lead to lower reliability in large-
matrix devices (Chin 1985a). 
Flat panel displays do have characteristics that make 
them the only type for some applications. Their physical 
attributes include small size, thin profile, light weight, 
and ruggedness. They are generally more efficient which, 
along with their other qualities, makes them the first 
choice for use in portable, battery-powered equipment. 
These devices are easy to package and service life is 
becoming less of a concern. 
Some of the visual characteristics of flat-panel dis-
plays are much better than CRTs. For example, most of 
. these devices do not suffer from flicker, jitter, drift, or 
distortion. Some flat-panel displays have very good res-
elution and can be made even larger than CRTs. These 
devices can be very cost effective in smaller sizes. Even 
the large displays have narrowed the price gap with CRTs. 
Flat-panel color displays are improving, but still have a 
long way to go to replace CRTs in those applications that 
require full color capability (Knebusch 1984). 
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Applications 
Each display type can be designed into an application 
for which it is not well suited. Careful attention must be 
paid to specific environmental, physical, functional, and 
operator requirements before an appropriate display choice 
can be made. 
Small Message Displays 
This application generally requires only one or two 
short lines of numeric or alphanumeric characters. CRTs 
are not practical or cost effective in this mode. Flat-
panels, on the other hand, meet these requirements well. 
They are easy to integrate because most flat-panel displays 
provide on-board interface, drive, and power conversion 
electronics. These features make flat-panel devices more 
cost effective when less than 80 display characters are 
needed (Ormond 1985). 
Portables 
Display sizes for portable equipment can vary from a 
few lines of alphanumeric characters to full size screens 
with bit-mapped graphics capabilities. CRTs can be used in 
these applications if the requirements permit operation on 
house current only. Even when installed in a "toteable" 
piece of equipment, the CRT must be made so small (less 
than a-inches diagonal) that the characters may be diffi-
cult to read on a full screen. 
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Flat-panel displays are generally suited for "lap-top" 
applications. They generally operate at low enough power 
levels that battery operation is no problem. They are 
somewhat more expensive than CRTs and some compensation for 
limited viewing angle is usually necessary. 
Large Screens 
Most large screens sizes range from 12 to 15 inches 
(diagonally measured) for stationary computer and data 
terminals, but some very large, high-resolution displays 
(36 inches on a side) are required for military and compu-
ter assisted engineering (CAE) design applications. CRTs 
generally work best in the first application while some 
flat-panels (plasma, for example) have taken over the 
latter. For the traditional computer and data terminal 
display, CRTs work best because they provide better visual 
characteristics at a lower cost. The higher cost and 
sometimes poor visual quality of full size flat-panel dis-
plays have made them virtually unseen for normal monitor 
duty, but they have the potential to be useful in very 
large screen applications where CRTs could never work. 
Color 
More and more applications are requiring full color or 
multicolor displays. The CRT has no equal in this area. 
Flat-panel color displays, for the most part, can still be 
considered experimental. 
Evaluation 
Bailey (1982) recommends that over half the product 
evaluation effort be directed to display characteristics 
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alone. Before a display can be selected, a thorough exami-
nation of the application requirements must be performed. 
There is more involved in selecting the proper display 
technology than verifying its visibility. The factors 
involved include the visual, human factors, and disp~ay 
considerations associated with the application. After the 
major factors are identified and understood, the design 
and/or selection process will be more productive. 
Factors 
The factors listed in this section are not intended to 
be comprehensive. There will always be some applications 
that will require special considerations. A meticulous 
review of each factor will help the designer or user to 
focus on the important requirements of his application. 
Each item listed has already been reviewed in detail in 
this paper. A review of the previous text may be necessary 
for a more comprehensive understanding. 
Visual Considerations. The attributes and characteristics 
of the visual system affect the perception of displayed 
information. Application requirements should not exceed 
visual abilities. The following is a list of visual con-
siderations that affect display selection. 
Resolution - Keep visual acuity requirements low. 
Luminance - For active displays this level should 
be high enough to produce adequate brightness for 
the ambient light level. 
Reflectance - Passive displays depend on a higher 
ambient light level to produce good viewability. 
Contrast - A minimum level of contrast is required 
for good resolution, but too high a level can 
cause eye fatigue and other problems. Comfortable 
contrast ratios range from 6:1 to 10:1 (Design. 
1986). Acceptable limits can range from a low 
of 3:1 to a high of 30:1, but little increase in 
legibility is found at higher levels (Bailey 
1982) . 
Illumination - To reduce eyestrain keep illumina-
tion levels as uniform as possible with respect to 
display luminance or reflectance and the surround-
ing environment (Design. . 1986). Illumination 
level affects the viewability of the display de-
pending on whether it is emissive or non-emissive 
(Tannas 1978). 
Legibility - If the display can be read easily it 
is legible. This is related to resolution, 
brightness, and contrast. It depends on factors 
such as stroke width, dot size, dot spacing, 
character spacing, and sharpness (focus). 
Flicker - The display refresh rate must always be 
well above the CFF to avoid perceptible flicker. 
A scan rate of 60 Hz is usually sufficient, but a 
higher rate may be required under certain condi-
tions. Flicker is not acceptable. 
Jitter - Observable pixel movement cannot be 
allowed. Jitter can also be perceived as enlarged 
or distorted pixels. The display should always be 
jitter free. 
Glare - Some level of glare is usually unavoid-
able. To keep this level to an acceptable mini-
mum, follow the glare reduction recommendations 
presented in Table 4. 
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Human Factors Considerations. The ergonomic aspects invol-
ved in the formulation of display requirements must be 
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shown appropriate concern. The following list covers a 
wide range of human factors considerations related to the 
display side of the man/machine interface. 
Operator population - The type of display selected 
depends, in large part, on the abilities and limit-
ations of the expected users. Factors such as 
training, experience, age, and physical condition 
can limit or expand the display choices. 
Workspace - The expected range of work locations 
and environments will affect user response to dis-
play characteristics. 
Safety - Displays generally will not expose users 
to such immediate hazards as radiation and explo-
sion, however, the stress (both physical and 
mental) of prolonged use should be considered. 
Standards - Several countries have set up design 
standards for displays. Even if these rules do 
not apply to a particular product, they should be 
examined for possible application if it would 
benefit the user. 
Viewing angle - The optimum viewing angle is 
usually perpendicular to the surface of the dis-
play. This is not always possible in large dis-
plays or when the application does not permit a 
direct view. The rate of degradation associated 
with a shift in viewing angle is display depen-
dent. For example, CRT performance does not begin 
to degrade until the viewing angle is between 19 
and 38 degrees off center, whereas, LCDs can lose 
contrast with less than a 5 degree shift (Bailey 
1982) . 
Viewing distance - The recommended viewing dis-
tance is generally given as 24 inches. This 
figure can be as low as 16 inches or as high as 
several feet as long as the display remains leg-
ible to the user. Viewing distance differences 
between the display and other work surfaces should 
be kept to a minimum to avoid eye fatigue caused 
by frequent refocusing (Design. . 1986). When 
users are required to touch the screen, the view-
ing distance should be less than 28 inches (Bailey 
1982) . 
Visual angle - The angle that a character or pixel 
subtends depends on its size and the viewing dis-
tance. 
Color - The use of color (single, multiple, or 
full) depends on the nature of the task. Back-
ground and foreground colors should not be the 
cause of visual problems. Use color only when 
necessary to improve productivity. Too much or 
inappropriate use of color can actually degrade 
operator performance. 
Coding - The way in which information is presented 
for visual interpretation on displays is called 
coding. Different types of coding include color, 
shape, size, position, intensity, and so on. 
These modalities have different coding levels that 
represent effectiveness in representing informa-
tion. For example, a picture of a car provides 
more information than the string of character 
shapes, c-a-r. Use the coding modality that best 
fits the application. 
Select~vity - This is the ability of the user to 
get the exact information he needs for the task. 
Feedback - This factor relates to user friendli-
ness. The user will feel more comfortable with the 
task if he is fully prompted. 
Redundancy - Too much redundancy can be counter-
productive. An example would be mixed coding, 
such as numbers, colors, and shapes all represent-
ing the same things. 
Display response - It is important that the 
machine data rate and the operator data rate are 
closely matched. Productivity will suffer if the 
information is presented too briefly or delayed 
too long. 
Character recognition - This factor is related to 
legibility. Character size and font style affect 
recognition. 
Interactivity - This is a measure of the frequency 
with which the operator must respond to the dis-
played information. 
Compatibility - The displayed information should 
be compatible with the user's knowledge and skill 
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(Bailey 1982). The display should also be compat-
ible with associated controls (Chapanis 1966). 
Accuracy - The display must be able to elicit 
accurate information from the operator. 
Readability - The degree to which the operator 
understands the information on the display is a 
measure of readability (Bailey 1982). 
Format - The amount of information displayed and 
its density is a function of the display format. 
The layout can be simple or complex, although, a 
complex layout may reduce performance (Tullis 
1983). Format aspects include the way selections 
are organized (menus), the way the data is moved 
(windowing or scrolling), and the background 
(light or dark). 
Grouping - The way in which information is organ-
ized is called grouping. There are four fundamen-
tal grouping techniques: sequence, frequency, 
function, and importance. Data can be organized 
by a combination of these methods. The method 
chosen should be determined by operator perform-
ance requirements first (Bailey _ 1982). 
Controls - When possible the operator should be 
able to adjust the display's visual characteris-
tics (luminance and contrast) to suit ambient 
light conditions. The type of cursor control 
should also fit the application requirements. 
Status Indicators - Some display applications may 
be better served if the main display is augmented 
by status indicators for specific conditions or 
functions. 
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Display Considerations. The factors associated with 
display selection also include the characteristics and 
requirements of the device itself. The display considera-
tions listed below are necessary for the specification of 
the display type. 
Standardization - Standard display types and for-
mats are useful in integrating an entire product 
line, but should never conflict with the visual or 
ergonomic aspects of the application. 
Environment - The display selected should perform 
to specification over the entire range of environ-
mental conditions. This includes temperature, 
humidity, vibration, altitude, and ambient light-
ing. Operator misuse and abuse should be consid-
ered as well. 
Color - Use only if the display does a good job in 
this area. 
Screen Size - This depends on format. 
Graphics Compatibility - Only raster-scanned or 
dot-matrix displays can present graphic images. 
Interface Method - Some displays are modular and, 
therefore, easier to integrate with computer or 
data terminals. 
Power - A device with a high power requirement 
will limit its use to stationary applications. 
Packaging - CRTs are generally more bulky than 
flat-panel displays. 
Ruggedness - The degree of ruggedness required 
depends on the application. 
Reliability - The more mature technologies are 
generally more reliable. 
Life - Display life should exceed product life. 
Availability - Avoid selecting a display that is 
not already in production. 
Cost - The most important thing to remember is to 
select a device based on the quality of the dis-
play image required to make the product success-
ful. Value is a better term in this situation. 
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Other Considerations. Remember that human factors display 
data is incomplete and that ergonomic research in this area 
is moving slower than the pace of display technology. 
Nevertheless, a useful ergonomics database exists and 
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should be used in the display selection process. Specific 
human factors research, however, may not be available for 
some newer display technologies. User information process-
ing abilities and expectations should not be overlooked. 
Display Selection Process 
The necessary steps in the display selection process 
are listed as follows: 
l. Determine the specific requirements. 
2. Determine the expected operator 
characteristics. 
3. Select grouping method. 
4. Determine display format. 
5. Collect existing display and system 
information. 
6. Select display. 
7. Test display with users. 
8. Redesign as required. 
The first step in the selection process requires a 
complete evaluation of the application requirements. In 
other words, the nature of the task. For example, the 
application could be a bank teller terminal, a portable 
military field computer, or an industrial data collection 
terminal to be installed near a blast furnace. 
The second step is to determine the limitations and 
skill~ of the expected user population. For example, if 
the terminal were to be used by the general population, a 
90% range of characteristics (height, age, knowledge, 
physical problems, etc.) would have to be considered. 
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How the information will be organized is the third 
step. If the terminal were to be used to control gas 
pumps, the grouping could be by gasoline grades, prices, 
quantities, and final cost. The forth step is to determine 
how the grouping affects the format. As in the last exam-
ple, the groups could be set into columns in a single 
screen or scrolled up and down. 
Review of the current technical specifications for 
existing displays and systems is a requirement of the fifth 
step. The latest developments in display technology and an 
analysis of the manner in which similar applications were 
handled is necessary. The next step is to bring all the 
factors together and pick the optimum display. This 
analysis should be as complete as possible. 
The seventh step is to test the display. In this case 
there is more to testing that just conformance to specifi-
cations. The display must be extensively tested by a 
sample population that represents the characteristics of 
the expected users. This fitness testing must be conducted 
under the range of expected environmental conditions as 
well. Without this verification the final product may 
reach the marketplace with a display that is inadequate for 
the application. Based on test results, repeat the process 
if it looks as though the optimum display was not chosen. 
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The display selection process presented here is simi-
lar to other engineering design processes except for an 
emphasis on human factors considerations. A review of the 
important display specification factors can be found in 
Table 7. It is also important to remember that conformance 
to the written specification is not an excuse for poor 
display performance. 
The display function should be optimized for visibil-
ity, attractiveness, legibility, and readability. If some 
aspect of the design cannot properly be tested, perhaps 
modeling the function would be useful (Decorte 1986). With 
respect to display optimization, Bailey gives the following 
advice. 
"When attempting to optimize human performance, 
the designer constantly looks toward the ultimate 
user of the system and makes design decisions to 
best benefit that user." (1982, p. 294) 
Remember that in selecting a display, do not limit the 
range of choices to large, complex devices. Use the sim-
plest type and format that is compatible with the applica-
tion requirements. For example, do not use an alphanumeric 
display when a status indicator, or even an audio tone, 
will adequately meet the user's needs. 
Limit displayed information to the minimum necessary 
for accuracy and readability. Excess or redundant informa-
tion only serves to increase operator response time, fa-
tigue, mental load, and errors (Design. 1986). 
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TABLE 7 
DISPLAY SPECIFICATION FACTORS 
Vision: 
1. Minimum resolution required for the task. 
2. Minimum pixel luminance level (active, positive 
contrast display). 
3. Minimum background reflectance (passive, negative 
contrast display). 
4. Minimum and maximum contrast levels. 
5. Minimum and maximum ambient illumination levels. 
6. Legibility requirements with respect to character 
elements. 
7. Minimum refresh rate necessary to avoid flicker. 
8. Maximum short-term periodic pixel motion allowed. 
9. Methods to be used to minimize the effects of 
glare. 
Human Factors: 
1. Range of expected operator characteristics (age, 
training, experience, physical condition, etc.). 
2. Range of expected workspace characteristics 
(operator location, position and movement, lumi-
naire locations, display location, other equip-
ment locations, work area color and reflectivity 
level, etc.). 
3. Required display safety standards and other mea-
sures that should be taken to assure an optimum 
reduction in operator physical and mental stress. 
4. Required display ergonomic standards and other 
measures that should be implemented to improve 
overall operator efficiency. 
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TABLE 7 -- CONTINUED 
5. Maximum viewing angle. 
6. Minimum and maximum viewing distance. 
7. Minimum pixel and character size. 
8. Operator productivity changes (improvements and 
degradations) caused by the use of color. 
9. Types of coding (color, shape, size, position, 
intensity, pattern, etc.) that would be useful. 
10. Information output parameters necessary to insure 
that the operator will get the exact data needed 
for the task. 
11. Prompting level necessary to match operator 
characteristics. 
12. Information, coding, and format redundancy level 
required to assure optimum operator response. 
13. Display output rate needed to provide the best 
match to operator comprehension rate. 
14. Character size and font necessary to produce 
maximum operator symbol recognition. 
15. Minimum time interval necessary for operator 
response to displayed information. 
16. Knowledge and skill · level required to assure 
proper operator response to displayed informa-
tion. 
17. Operator controls that are required for proper 
display adjustment under changing conditions. 
18. Prompting that is needed to elicit an accurate 
response from the operator. 
19. Minimum level of operator understanding of 
displayed information necessary to the task. 
TABLE 7 -- CONTINUED 
20. Minimum level of format complexity required to 
produce optimum operator performance. 
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21. Best method of organizing and classifying display 
output. 
22. Status indicators and/or audio displays that 
could best augment the display function to 
optimize operator response. 
Displays: 
1. Standard display types and formats that are com-
patible with the visual and ergonomic aspects of 
the application. 
2. Range of expected environmental conditions (temp-
erature, humidity, vibration, altitude, etc). 
3. Level of expected misuse or abuse. 
4. Quality of color presentation. 
5. Screen size required by the format. 
6. Level of graphics compatibility required. 
7. Interface method required between the display and 
the terminal. 
8. Available display power level. 
9. Display packaging configuration requirement. 
10. Degree of display ruggedness needed. 
11. Minimum level of display reliability required. 
12. Minimum acceptable display life. 
13. Range of available display technologies. 
14. Maximum acceptable display cost. 
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Use a format that is natural and familiar to the user. 
Unexpected or unique formats can increase errors and train-
ing time. Match the display technology to the format, 
environment, and application requirements. 
Summary 
It is generally accepted that matching the image qual-
ity and value provided by CRTs is the goal of all new 
display technologies. Unfortunately, no flat-panel display 
can match CRTs in both of these areas. Because of this the 
use of flat-panels involves trade-offs between such factors 
as brightness, contrast, writing speed, power consumption, 
size, cost, and life expectancy (Knebusch 1984). Flat-
panel technology is evolving at different rates. Some 
types {LCD, plasma, and electroluminescent) are improving 
rapidly, while others (LED, vacuum-fluorescent, electro-
phoretic, electrochromic, and others) are not expected to 
· advance much further. Flat-panels are useful in those 
applications which suit their thin profile and usually low 
power consumption characteristics. The CRT will remain the 
display to watch for some time to come. 
There are limitations to any display technology. It 
is important to understand these limits in order to avoid 
surprise and disappointment (Sherr 1982) There is no suit-
able universal display system that is adaptable to all 
system requirements (Weston 1978). Chapanis says that a 
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good display "presents information in a form that can be 
easily understood and interpreted by the people who have to 
use it" and that it also "presents information in a form 
that can easily be converted into correct decisions and 
appropriate actions." (1966, p. 36) It takes hard work and 
and a great deal of thought to determine the proper display 
for each application. 
CONCLUSION 
Computer and data terminals are becoming a growing 
part of modern society. There is no reason to expect their 
influence to diminish any time soon. The visual display is 
an integral part of almost all computer systems. If the 
display is inappropriate for the application, the effect-
iveness of the man/machine interface is adversely affected. 
Some method should be available to assist system designers 
and users in selecting the best display for the task. 
Discussion 
A poor display selection can affect users in a nega-
tive way. This can result in errors and process problems 
if, for example, the terminal application was a computer 
aided design (CAD) system and the display did not have 
-adequate resolution or if the terminal was to be used 
outdoors and the display "washed out" in bright sunlight. 
These and other display shortcomings can make what is 
otherwise an excellent system into an unusable product. 
An improper display choice can sometimes be avoided if 
the right selection factors are utilized. To develop such 
display requirements, it is necessary to understand the 
human visual system, the human factors considerations, and 
the characteristics of existing display technologies. 
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Vision is the most important sense in machine to man 
communications. It provides a window into the mind. An 
understanding of the complexities of the human visual 
system will provide an insight into the fundamentals of 
display response. 
Human factors concerns are too often overlooked in 
display selection. It is a field that is more complicated 
than most people suspect. A careful examination of the 
user's needs will enhance the display selection process. 
There is a wide array of display technologies to_ 
choose from, but there will always be one type that best 
suits the application. It is important to identify the 
factors that will assure proper display selection. 
An appropriate display can always be selected if cost 
is not the sole determining factor. Inclusion of visual 
and human factors considerations is required to make the 
process complete. 
Major Contributions 
The development of the display selection process and 
identification the important specification factors are the 
major contributions of this research paper to the body of 
knowledge. These guidelines will help designers and users 
to select the most appropriate display for their system. 
The emphasis on the human element in this process will help 
to prevent the selection of the wrong display. 
( 
i 
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Future Research Recommendations 
The information provided in this paper can be used as 
a basis for development of an "expert" system for display 
selection. This "knowledge base" algorithm would incorpor-
ate the display selection process and specification factors 
into a computer program. A commercial version of such a 
system could find wide use in the computer industry. 
Other future research recommendations could include 
the expansion of the human factors display database and the 
development of input device selection guidelines in the 
areas of keyboard and cursor control technologies. 
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